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Energy is defined as the ability to da how they have adapted to survive 


work, but what does that really mean? despite - or because of - their immense 
We know energy isareally useful thing: size. These behemoths of the natural 
itturns food into fuel for our bodies, it world are quite remarkable in their 
turns sunlight into power for plant specialisations and abilities, and we're 
growth, itreleases arrows from bows, sure you'll thoroughly enjoy reading 
moves the compass needle when you're abut thelr supersized biology. 

lost and so much more. So this issue, Enjoy the issue. 


we've got down all the essential energy 
basics you need to better understand life, 
the universe...and, well, everything! 
Once you've grasped a few simple rules 
you may see physics ina whole new light. 





We also take a lool at the planet's Helen Porter 
biggest terrestrial animals and ask just Editar 
Meet the team... 
Robert Marcus 
Features Editor Designer 


| had a hairy time thes month 
ducking the 4nkylosaurus's deadly 
tail, Luckily | qot the information | 
needed for an article on the dino, 


vo had a wanderful tir: hearning 
more about the JUICE project, 
which is tasked with exploring 
Jupiter and its incredible rao. 


Adam 

Senior Sub Editor 

4 sockeye salmon doesn’t hana it 
easy, but nobody can accuse it of 
leading a dull life, a5 you'll discover 
in our fishy Environment feature. 





Jackie 

Research Editor 

ve really enjoyed the bionies 
feature - the advancements being 
mace in thal lich ard arnazirigy. 


Check rt cut on pace 52% 
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What's in store... 


The huge aricunt of linformation in each issue of 
How It Works is organised inte these key sections: 





The Shuttie’s 
Day 1S 2m ave 
cal 
Sight cu in space 
Ea * 





Sclence 

Uncover the world's 
most amasing physics, 
chemistry amd biology 


Technology 

Diseaver the inner 
workings of cool gadgets 
and engineering marvels 


Transport 

> Everything from the 
fastest cars to the mast 
advancued aircralt 





Space 
28 Learn about all things 
cosmik: in the section that's 
truly out of this yworkd 


) Environment 
Explore the amazing 
natural wonders to be 
found on planet Earth 


T} History 
Step back im tire 


ared find out how things 
used to work in the past 
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ENERGY 
EXPLAINED 








From forms of energy and energy transfers to 
Einstein’s theory of relativity and fuelling the 
future, get the lowdown on how energy works 


12 Energy explained 


All yau need te get ta grips with 
the scienne of energy, including 
why it can't be destrayed 


20 Correcting abnormal 
heart rhythms 


Sellotape X-rays 
Tracheotomies 
26 Carbon dating 








28 Next-gen battleships 
The advanced weapons on board 
the nniost deady warships taking 
naval warfare toa mew leve 


32 Car fuel systems 

34 High-performance tyres 
34 Watertight doors 

36. Aerial transfer bridges 











What adaptations have Earth's 


biggest beasts evolved to survive? 


Eye of the Sahara 
How fiords form 
495 Hornets vs bees 
49 The smell of rain 





¥ TECHN 


52. Bionic humans 
The incredible technology 
improving quality of lite after ye 
suffer illness and accidents 


Nebulisers 
New Nexus 7 


Waterproof 
smartphones 


62 Digital classrooms 


/ SPACE ) 


64 Mission to Jupiter 
Lean all about the upcoming JUICE 
mission that will explore the qas 
giant as well as its icy moons 


Payloads 

TO. Going supernova 

TO. Probe communication 
Tl Triton 


f2 Heroes of... 
Neil Armstrong 
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74 Ankylosaurus 




















The life and times of this heav yf 
armoured, plant-eating dinosaur 
with a deadly tal explained 


'6 Microfilm 
76 Potters’ wheels 





7? Japanese castles 
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Global eye 


AStoUnGInNG Science news shores 
fren all around the work 


O08 

Interview 

Wie chat to Adarn Ruthertard - 
the star of BBC Radia 4 shaw 
Inside Scrence = about his route 
into the field of popular scene 


80 
Brain dump 


The place where we answer 2 
{your most Curious questions 


Feast your eyes on the most 
essential kit for ne whee runners, 
from activity trackers to shoes 


83 
Group test 


We pit three of the greatest 
tablets avacable on the market 
today against each other 


92 
How to... 


hit a hole-in-one and plaster up 
ahole in the wall ta perfection 


94 
Letters 


ur reacers have their say an all 
things Science and tech 





Mission to Jupiter 


50 Salmon life cycle 78 Mona Lisa restoration _ 


Meet the experts... 












Rik Sargent — Ella Carter Luis Villazon Alexandra Laura Mears 
& Goity supernova \ > Fjords Matures qlants Cheung Bionic humans 
= As Ths issue Rik from the . Ella is a marine =|. ‘From elephants to Energy Biology quru Laura IK -—" 
1 Institute of Phasics ¥ biokegy and giraffes and bay ur cover feature i taking a close-up = 
Ca reveals what happens eats, Hew it this issue cores keok at the 


| —_ 
7% 





f oceanography 


al the end of a 1B expert, witha Works regular and courbes OF ecierice . fascinating workd 





— a a 
massive star's life, stage by stage, degree in the subject, and this zoology specialist Luis gets to explainer Alex who brings the of biomechanical engineering Brpserving 
resulting in the bappest explosionin issue she reveals the spectacular the heart of the biology of the laws of energy into focus, revealing how prosthetics arc pt = 
the univers, before taking soneef fjord formation process as well planet's largest animals, explaining why it canrat be artificial organs are currenthy on the Mona hots | 
your questions in the Brain curr. = thet wildlife: that calls if home, explaining hove they Survie entated nor destroyed. the verge: of samething big. 
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GLOBAL EYE 


Showcasing the incredible world we live in 


An artist's impression of HD 
1897335, a blue, buplter-sized 
exoplanet orbiting it's Sun-like star 
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4 rendered image of how the 
Chandra X-ray Observatory 
looks today. Chandra has been 
IMAgING space slnee 199 















LaS733 system has a smaller 


companion star, detected for 
the first time through Chandra 






Alien Jupiter’ 
discovered 





PAW [Uievixcseoulicome)tcVelsime)de)inbeleesecit-barlt 
close range is snapped with X-rays 


| For the first time ever NASA has 





imaped an exoplanet passing in 

front ofits parent star with X-rays 
jsee main image). The feat - which was 
achieved by NASA's Chandra X-ray 
Observatory - has been celebrated within 
the astronomical community as, up until 
now, exoplanets such as this one have only 
been captured using optical light. 

Speaking onthe breakthrough, Katja 
Poppenhaeger of the Harvard-Smithsonian 
Center for Astrophysics said: “Thousands of 
planet candidates have been seen to transit 
inonly optical light, Finally being able to 
study one in X-rays is important because it 
reveals new information about the 
properties ofan exoplanet.” 

Interestingly, closer analysis ofthe results 
has revealed that the planet, which currently 


PAE Cae as TT PP dd es a | 


has the rather technical name of HD wWayy3b, 
isalcin toa hot version of our Solar Systems 
Jupiter - but 3a: limes closer to its star than 
Earth to the Sun. This proximity means that 
the planet orbits its star once every 2.2 days 
and has a surface temperature of over 1,000 
degrees Celsius 1,832 degrees Fahrenheit). 

Further, studies of the exoplanet have 
shown that its blue colour isthe result ofa 
high presence of silicate particles inits 
almosphere, NASAscientists believe this is 
because Lhe planet's atmosphere rains 
silicate glass sideways within winds of over 
7,000 kilometres (4,390 miles) per hour. 

Moving forward, NASA intends to continue 
inveslipating the new planet and its system's 
Mainand companion stars, determining 
more about the relationship between them 
and how they influence one another. 


The main star in the HO . 









Scientists 
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New All About 
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20 at all good 
DEINE Inside Science ; 
irs Thursday at 
on BRC Radio 4. 


- 
“In answering why 
primordial soup is Wrong 
you quickly get to the 
question ‘What is life?’” 











The man Inside science 


Star of the BBC's Inside Science, Adam Rutherford talks about the origins of life, 
what we can learn from a paper cut and the importance of non-stick frying pans 


Tellus about your new book Creation. 

The idea for the book spawned about ten years 
ago when [was still working in the lab, My beat 
has always been genetics and evolution in 
terms of being a journalist and two advances 
happened in molecular biology that I found 
extraordinarily interesting. The first is the 
origin of life, We have now got to a stage where, 
because of our understanding of the cell - of the 
mechanics of metabolism and how DNA works 
-we've gota pretty robust model of how life 
itself originated. So we can begin to test all of 
the basic principles of cells, what they do and 
how they could have come about, 

The [second thing] is our ability to 
manipulate DNA in what we now call synthetic 
biology. That field has really blossomed over the 
last ten years. Now both those things are 
inherently related, The science of the origin of 
life is about reconstructing cellsin the way we 
thinkit might have happened 4 billion years 
ago. And synthetic biology is essentially doing 
the same but just for specific purposes. So it 
produces cells that have a function that is 
useful tous. The modern era of molecular 
genetics has given birth to these two fields and 
Twanted to put them back-to-back. 


Do you approach the origins of lifeina 
chronological order? 

Yes, kind of. [start off with a paper cut actually, 
asl want to pet readers thinking about the 
monumental significance of the mundanity of 
living. Thatif you cut your finger, after a couple 
of daysitis patched up and that, aftera month 
or so, itis fully healed and, after a few months, 
itwill be indistinguishable to how it had been 
before. That process, which is incredibly 
sophisticated and has taken researchers 


decades to fully understand, involves the birth 
of new cells, Those cells are not born from 
nothing - they are born from existing cells. And 
those cells were born from existing cells and so 
on until you get back to your first cell, which 
was a fertilised ege. And you can track that 
exact same process back in your parents and 
their parents and every member of ourspecies, 
and on to every organism that has ever existed, 
50 that cell whichis patching upa little hole on 
your finger has a lineage, a direct ancestry 
which we can trace back 4 billion years to the 
first cell that ever existed. We call that cell 
‘LUCA’ |Last Universal Common Ancestor)—the 
nother of everything that has ever lived. 


Tho you subscribe to a specific theory as to 
how LUCA was generated? 
There are a few different models as to how LUCA 
came to be and] end up pinning my colours toa 
specificand [unorthodox] view. And that is not 
the culturally pervasive idea of the primordial 
soup, The reason that won't work is because of 
physics. When you prime that soup so that 
interesting reactions will take place, they may 
well occur, but the problem is they won't 
happen again. Thatis not what life does, 
Inanswering why primordial soup is wrong 
you very quickly pet to the question “Whatis 
life?’ - and interestingly there isn'ta definition. 
[ have gone through the various ideas of what 
life is about, but there's a fundamental 
underlying process that enables everything life 
does: life captures energy from the 
environment and uses it. [think thatis the most 
basic test of what living things do. Whatl am 
talking about is how you get metabolism first. 
So then you begin to lool: for a place where 
you might see naturally occurring chemistry 


that resembles the most fundamental energy- 
generating process that cells do, and these are 
deep-sea hydrothermal vents. It’s areally 
interesting model of how life might have begun. 


What is your new radio show, Inside 
Science, all about? 

‘sa new slot on Radio 4 where we wanted to 
Teflect how science has changed over the past 
ten years. We wanted to be more reflective of 
how science works asa process. Soin general 
we wanted to move away from merely looking 
at what studies had come out and instead look 
at how experiments develop, how scientists 
think and what the enviranment is like during 
the scientific method. We aim to detail the truth 
about the scientific process warts and all. 


Tithere were one piece of technology you 
couldn't live without what would it be? 
I'm tempted to say the thing I'm holding right 
now —- my smartphone — although thatis so 
obvious. 50 [would say something like the 
toaster. Or the oven. What would we do ifwe 
couldn't cook anything? [n fact, thatis a good 
answer, We evolved out of being able to digest 
Taw food about 400,000 years ago, so without an 
oven ora toaster or a frying pan we would be 
absolutely shafted. I'm going to go for the 
non-stick frying pant 


What projects are you looking forward to? 
Next week I'm filminga slot for BBC's The One 
Show on genetically modified foods, where | 
shall be arguing Britain should be adopting GM 
crops. Following that] will be working on my 
second book, which I have just started writing. 
However, that’s poing to have a two-year 
gestation period, so don't hold your breath! 
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COOL THINGS Co. 
WELEARNED = Brita 
Ue TV Ce) Ra | dangerous | 


ae = - 5 hand-held device has been illegal 
‘ er 1 oe - — inthe UK simee 2003, hands-free 









hs oy 
+ pe ; hi = Pe kits are legal, But now scientists 
is = F z researching the subgect of 


= i¥ Ts: = -_ * 5 fie 
‘— Pi ha distracted driving have suggested 
hands-free devices can be just as 


risky. Studies inte ‘oognilive legeel 


* _ ays: —- ‘ts i , A 
FF : + ~ i 1 j - Li : = % i. 1 — : i 
— a ¥ “s* - indecate that when talking to 











= e. 
i sa ape o> stink oe someone we can't see, we 
. ae it ™ a 2 Cages ] mer if r eT SLR Men lemuislhy Breduee a& rent: al 
— at os A b # a 1 : picture of them, which demands 
bm SS a —_ Joe a extra brainpower and as a result 


| deprives our other faculties. 


-_ Gili Wy, ae 
_ . _ =F me © é ; L- 
~ ea, or | gia ht LEGO’ holds the key to 
eee ty AS. Led fete Sag | future manufacturing 
q >. ‘a a Pe ‘ a te, . ™ pes : 2 Fr A team at MIT has used the concept of a popular 
ee ee] re —_ tT, =a —— = ln - children’s construction set to revolutionise the 
= ; Sabet 5 2 ee ma is , 1 e composite manufacturing process. By clipping 
— _# ra Ss a ee ee together 2D shapes (such as crosses) made out af 
“ P rt : . nat a super-light material, future material engineering 
= . i ol a, es ae - could include the production of giant single units. 
— he al ej eres a a ae Each piece - made up of millions of interlocking . 
= cit eee hi building blacks - would be tougher than current 
adele composites but much lighter, with huge potential 
: fo ry, AS Earth Gravel for aircraft and spacecraft design, for instance. | Su rfa t =e 
eed atCassini ft |g cee : swe 


is coming to cars 


ee jhe as 
| 


' 7 Last issue we revealed arare photo | Pe. 
‘ Al mae a. le > of Earth, the Moon and Saturn en 2 cal , Audi has become the first car manulacturer to 
ee a2 ‘Captured by Cassini 1.5 ballbon ‘ vr W include a 446 data connection in a production 
3 ae , Ph { fae kilometres (90-0 million miles} away. vehicle. The first model to debut this tech will be 
re" wee ‘eo This Issue we reveal the reverse the Audl 53 Sportback (pletured here} and from 
November 2013 the full AS range will feature 


Naf picture, This mosaic is a collage of | ?. "4 7 es 4 
ew the photos shared by inhabitants of ae ee ae 4 he superfast -1G/LTE data transter, This development 


Earth on Twitter, Facebook, Flickr, 7 . ‘ will enable high-quality in-car connectivity for 
.. , Instagram, Google+ and email as =) ' lag-free web surfing while on the go. 
part of the “Wave at Saturn’ mission, 
For the first time, we had advanced 
notice that an extraterrestrial photo 
would be taken so we could wave. 


vs 


Sleepless fm Kepler is on hiatus 


The world's reg successful planet-hunting telescope, ha 


nights | increase Kepler, has been deemed "beyond repair’ after re ‘s : a Birds know the ‘Unicorn of the seq’ 


malfunction of two of its four reaction wheels. WAS4 
temptation did its best to remotely fix the faulty parts but, despite Ss eed limit has been snapped 
IF | 
Divers off Tasmane have captured rare photos 


fleeting success, the telescope is now unfit for its 
im 5 = orginal purpose. NASA must now determine whether pa ee, 
junk food the net ay. Asleep study brain the spacecraft can be used for another mission. “tha irlas cle a lot of ae mh Fe of a 30-metre (98-foot) sea creature that 
associated with the desire to eat was = emer oe : ri a ns ced d ae faa 7 ea ope glows In the dark. The giant pyrosame 
boosted in people whoa haven't had enough . i% os a. "a eer ee aa ae cate ees a ects Le spingsum), which is simdar to 
kip. In the area associated with judging ard Pes : ; ae : piles mar oa aa meer the more common salp, is 50 rare it has been 
Sata “4 of hanmn's way, OF course, birds can't predict dubbed the ‘unicom of the sea‘. Like plankton, 


| Ae ale eee iN ones, te is = A rae | occasionally are caught out. Birds similarly have in the upper layers of the open ocean. All 

' md it harder te tun dona the offer a | : “ Lt ; . ? away of judging the approach distance of a : F : SEs g A ne 

indulaent snacks and treats after a bad : . - pyrasomes (Pyrosoma atlanticum is pictured) 
NE oll eB a aie Cae = fier ay human or predator before they make a swift exit, comprise a tube-shaped colony of tiny filter 


explain the apparent link between 


sleeplessness and obesity, 


> 


f 





evaluating whether or not to eat, meanwhile, . , ‘ : 
. ,%, * . s when a car will exceed the average speed and so pyrosomes are free-svdmming tunicates found 


night's sleep, Thas st Id be used to J ; it 
| hated 3 ya es Deeg te 4 , ie — r : ‘ feeders called zooids encdosed ina kine of jedly. 


Tree frogs use 
umbrellas 


Frogs are ectotherms, which means they use their 
external environment te maintain a constant body 
lemperalure because they do not haw an inkernal 


thermostat like humans and other endothenms. 


Amphibians bask inthe Sun to warm up or find 


Shade or water te cool off. While it's mat unusual 
ta find tree frogs hopping around when it's damp, 
during tropical downpours they seek out shelter 


| as they're not the best swimmers - they lack 


webbed feet and are often small enough to be 


washed away. It turns oul they can be resourceful 
though, as this individual from Indonesia prowes 


| The tiny frog protected itself during one 


particularly heavy shower by gripping a leaf and 


heldang it like an umbrella angled inte the rain 


Clouds can 
create eddies 


This remarkable WASA image shows. 
a phenomenon called Von Karnrun 
vortices, The Van Karman vortex 
seen here was captured over the 
North Pacific Geeam Vhen clouds 
driven by the wind encountered 
Socerra Island - a volcanic mount off 
the west coast of Mexico whose 
height peaks at 105 Kilometres (0.65 
nmnlles) - they were forced to flow 
arqund it, creating chains of spiralling 
eddies. Spectacles like this can occur 
in any fluid flaw that is disturbed by 
an object, aind since the atmosphere 
acts like a Mluid this is why we soe 
wortices in the chauds. 
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Onan intuitive level, we all know that 
energy is what makes things happen, 
causing the Sun to shine, allawing 
plants to grow, cooling food ona stove or 
making a basketball bounce. Whenever 
something heats up, cools dawn, moves, grows, 
makes a sound or changes inany way, it uses 
energy. And from taming fire lo powering 
smartphones, human civilisation relies on our 
ability to manipulate enerey, But pinning down 
exactly whal energy fs can be tricky. 

Grab a textbook and you'll find energy 
described as ‘the ability to da work’. Work in 
this context is defined as exerting a force onan 
abject overa distance. Lifting a cardboard box 
olf the ground constitules work, however 
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continuing to hold it there - although requiring 
effart on your part —is not work. 

When work is done to an object, it gains 
energy. This energy is called kinetic energy if 
is associated with the abject’s motion, as with 
a football speeding through the air after you 
kick it. When you pick up the box il is said ta 
have gained potential energy, stored by virtue 
of its elevation above the pround. Ifyou let eo 
{mind your toes!) the box will fall, losing 
polential energy as il loses height, and gaining 
kinetic enerpy as it picks up speed. 

One of energy's fundamental properties is 
that it cannot be created nor destroyed, only 
transformed from one type to another. 
Potential energy can turn into kinetic energy 











and vice versa limitless times, Further, 
mechanical, sound, heal, electromagnetic, 
light, chemical and nuclear energy can all be 
converted from one into the other. 

Bul while you can’ destroy energy, you can 
certainly waste it through inefficiency. When 
you drive a car, forexample, chemical energy 
stored in the fuel is converted inte first thermal 
energy and then kinetic energy which turns the 
car's wheels, But not all of the chemical energy 
released from the fuel goes into making the 
vehicle move, Some is converted to heal and 
sound, and some is used to displace air around 
the car -ieair resistance. Once this has 
occurred it’s very hard to turn this wasted 
energy back into something useful. 


TPMT Fas a ar 
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Energy in a rollercoaster 4. At the top 8. Back up 


Find out how a rollercoaster takes potential 
and kinetic energy for a ride 


3. Climbing 

45 the cart is pulled up 
the dlope, the energy 
preveidied by the: rricelcr 
is stored ayway as i 
potential energy, e 


2. Setting off ~ 
Aparcaching the first 
slope, the rollercoaster 
camiage has very little 
kinetic or gravitational 
potential energy. 


Edging slowly past 

the highest paint, the 

rollercoaster train has 
a te high aotential energy 
bul low kinetic energy. 


5. On a roll 

As the car whizzes down nail 
the slaga:, its potential sl 
a energy rapidly transforms hf 

a  — intokinetic energy. aa 


The: reverses ber carriage shows 
as it climbs the newt peak, 
gradually converting kinetic 
energy back inta potential. 


a 6. Wasted energy 
a Al each stage, sore of 
the car's kinetic energy bs 
lost to air resistance or 
dissipated as heat (through 
fretian) and sevund, 


ae 
Fe r 





1. Mass 


The rollercoaster cart's 
mass determines how much 
energy 6 required to move 
it, 49 well 26 how neuch 


perlential energy if can shore. 


Einstein’s big idea 
In 1905, Einstein revolutionised physics with a 
jaw-dropping revelation: matter and energy are 
one and the same This fact is immortallsed ln the 
world's most famous equation: E=me*. Under the 
right conditions, energy can be converted into 
matter and vice versa. This energy comes from the 
ultra-strong bonds holding protons and neutrons 
together in atomic nuclei, The cin the equation 
represents the speed of light = about 1.13 billion 
kilometres (7O0 million miles) per hour = 50 even 
an object with thiy mass contalnes a huge ainouirt 
of energy. If you could turn every atom of a 
paperclip into energy, you would release a5 much 
energy as the atomic bomb that obliterated 
Hiroshima in 1945. Dolng so would, however, 
require extreme temperature and pressure 
conditions that are impossible on Earth, 


Throughout history we have relied on 
different means to pet hold of usable energy, 
from early windmills to coal-burning steam 
engines. Today, we consume enerpy mainly as 
petroleum, natural gas and electricity, We lap 
inte the energy stored inthe chemical bonds of 
petrol or natural gas by burning these fuels, 
whether inside a boiler oran engine, ete. 

Electricity, on the other hand, ig a handy way 
oftransporting energy converted from various 
more cumbersome sources into our homes or 
workplaces, A wind turbine, for instance, 
converts kinetic energy, while a nuclear reactor 
exploits the energy locked in atomic nuclei, 
generating first thermal and then electrical 
energy. Once inside our home, electricity can be 
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f. Low paint 

Al tha: beottarn of thie shepas, 
the car's potential energy 15 
ét its mininvum while its 
kinetle energy peaks. 


Conservation 
of energy 


One of our universe's most basle principles, the 
law of conservation of energy states that energy 
canbe neither created nor destroyed. That is, the 
amount of energy ina closed system is fixed. It 
can, however, be transfered from one abject lrta 
another, and converted from one form to another, 
ARhough we discuss energy production, you 
cant create mew energy = onky convert existing 
energy to a different usable form, A photovaltaie 
panel, for instance, taps into the Sun's radiant 
energy, converting it to usable electrical energy. 
Likewise, the energy that we use doesn't 
disappear - it just changes inte other fons. 
Switch on your television and the heat, sound 
and light energy emanating from the set 
gradually leak back inte the environment 
Throughout histery, numerous lnwentors have 
attempted to design and build perpetual metion 
machines that would give out more energy than 
Was pul in, but conservation of energy has made 
such Inventions lnpossible - at least thus far! 


c Ho Hm ed em ea oe on aon em eel 
The speed of light in & vaeuurr: 
ie araund 300,000 (eins 
(983,600,000ft,s). 


i 
M1 fapresents mass, 
measured in kikograrnis. 


Eis energy, whieh is 
rsa suis in joules, 


used for heating, cooling, lighting and running 
all of our appliances and gadgets. 

Energy is measured in joules (|, with one 
joule being the energy needed to apply a force 
of one newton (Nj over one metre {3.2 feel). 

In practice, a variety of different units are 
commonly used lo measure energy inits 
multitude of different forms. The chemical 
energy in food is measured in calories -—the 
amount il takes to raise (he temperature of one 
pram of water by one degree Celsius. Your 
electricity bill, in comparison, measures the 
electrical enerpy you have used in kilowalt- 
hours (kWh). For some context, one kilowalt- 
hour is enough to run one washing machine 
cycle or watch seven hours of TV. & 
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Kinetic 
While sound, light and heat are all 
fern of kinethe: energy, the tern kinetic 
energy can algo refer to the motion 
energy of obpects on the macro scale 

= a5 opposed to invisible vibrations of 
tiny particles. We therefore ue kinetic 
energy to lalk about motion energy thal 
we can see = for example, associated 
With a moving car or person. 
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“acting betwe en CWO chiect card the distance 
between them. For | Ka Mi ple, the potentia! 
energy ofa yrock on top ofa hill comes from the 
- gravitat nina al for en Earth and the rock. 
The more ma Ay andi Freater its 
the bigger! iE al enercy. Different 
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“Potential energy has its roots in the 
force acting between two objects 
and the distance between them” 


air, oscillating the molecules back 
and forth. When the wave reaches 
Our ear, your eardrum vibrates in 
turn and your brain interprets the 
sound. We rarely use Sound waves 
to do work but rather as a means to 
SonMrHUnbeate or ernbertali. 
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| = 
| Sound “i 
Sound energy is all about vibrations. 


Strum 2 gultar string and it vibrates. 
This motion propagates through the 






Nuclear 


nuclei of atoms, where 
protons and newtrans are 


nuclei can release vast 





or plutonium nuclei by 
bombarding them with 
neutrans, sparking a chain 







nuchear fusion in its core. 
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Therrrial emery is a 
combination of the kinetic 

and potential energyotits (= | 
constituent partides. As = A 
the water in your kettle 
heals wp, iis mokecubes 
wWhrate faster and faster 
until it reaches. bodling 
point. in a Shean engine, 
heal is converted ta 
mechanical energy fram 
the expansion when water 
is. turreesd brite vapour. 

























Light (radiant) 


When a piece of wire, for 
example, is heated to a high 
temperature, tts atoms vibrate 
so violenthy that some are 
excited to a high-energy 
electronic state, As they fall 
back toa lower-energy state / 
the excess is emitted as / 
light (plus heat). The 

radiation’s frequency 

all de pends on the 

Wire's temperature. 








bound together by the atrang 
fora. Splitting or carnbining 


amounts of energy. Nuclear 
fission reactors split uranium [Er] 


reaction which gives off heat.  [fhpp 
Our Sun, meanwhile, creates 
heat and light thanks to the 












Nuckear energy is stored in the 








































' Chemical 


Chemical energy is stored in the chemical bonds which bind 
atoms into molecules and other structures. In other words, it 
takes energy to hold atonns bogether, but the total annount of 
energy required varles depending an their configuration. lina 
chemical reaction where the binding energy of the reactants is 
greater than the binding energy of the products, the excess 
energy is released as heat and sometimes light. Burning coal in 
a fireplace or food in your body releases this chemleal energy. 
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Nea Elastic 
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Elastic energy is the 
potential energy stored 
when an object's shape or 
volume is distorted - for 
example, when you jump 

on a trampoline. As the 
tramrngone returns te its 
original shape, it propels 
you inte the air, converting 
potential energy into 

a) kinetic energy. Mot all 
Hee) Materials have the same 

"i capacity to store elastic 

1 We) energy; a rubber band, for | 
Instance, can store more | 
—@) (hana piece of string | 











The Itaipu hydroelectric dam between Brazil and Paraguay generates 
more energy than any other facility: over ga TWh. Water flows through 
itat up to 62,000 cubic metres (2.2 million cubic feet) per second. 


Gravitational 


Gravitational energy stems from the gravitational field araund 
our planet (and other bodies). It arises, for example, when a 
skier rides a ski lft up a mountain slope. The higher the skier 
travels, the more potential energy is stored up. Once they set = 
off dawn the slope, this stored energy is transformed into 
kinetic energy as they speed up doven the slope 





enn r= - — 
Electromagnetic 

| Electrical potential energy is stored vehen electrical charges of 
opposite signs are wrenched apart, or when charges of the 

| same sign are forced together. The electrical potential 
generated is experianced a5 a voltage. Sirnilarhy, a rotating 

magnet ina coll induees a voltage lin the cal, When the voltage 

i used to generate a current, the electrical potential energy 

can be reconverted inte heat, light or mechanical motion 
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“The simple act of making a piece of 
toast requires mastery of a large 


number of energy transformations” A human sneeze © A hurricane © An atom bomb 
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Rocket energy explained Energyina =... ~SC« 


HOW IS ENERGY | *....... Sy © 
| Launching the Space Shuttle required a | alte ee det case / | Heat energy is released 
TRANSFERRED? | cicrrmbitinereaitt a gn eeseee. {] steam train | teatime 
/ (7.500mph). Be smoke escapes from 


How a traditional steam train 
uses many kinds of energy * 





(ha: smokestack. 


Next time you take a hot shower, drive to work or | The external tank contains == 

























plug ina laptop, spare a thought tor the science | 720,000kg (L.6mn Ib) of Lj | Relent | es Whistle 
that brings energy on demand into your home. ats eae oh mae Most of the energy When high-pressure steam 
Tydrogen propellant to power ca sicbicilltt Fema = 
Energy transfers from one form to another i eice iti ea romani atse irae required for lftoff comes eee ri 7 oe a 
' . = - 7 ! — 1 ay Te Le. SUUTT 
occur around us all the time, but manipulating from the shuttle's twa . | ’ 
: “3 reels nosters. ; i ee eergy is producusd, 
energy efficiently into useful formes is | q Cae das Lion ay .44 ™ s+ _— 
%, | ia Heavyweight — ~~ " 
gq fundamental to modern life. Different uses AL lifte the shuttle | , 
require different forms of energy —a fan, tor weighs a hefty 2mn kg = H — 
instance, requires motion energy, while oa nt Pia “Wigtad i “=> | = rs , a 
: . of this weaghit is Fuel. o> | — 
thermal energy is essential for frying eggs rf, of 4 oer generated ! A 
: . F ‘ i j ! . - fie Tari neral = 
The simple act of making SER of toast | —H * tl A = e clectricity bo power F E " 
requires mastery of a large number of energy fac | 4 the lamp, which Poel ay 
; rea 5 Wikel; 7 : .: a se produces light energy. | %, : 
transformations. it likelihood, wg energy Se. | , 5 5 lic ' in the coal in the 
that powers your toaster started off its journey Combustion boiler becomes heat 
~ as coal or gas. First, these fuels are burned, The boosters bum over energy when burned. 
releasing the energy stored in their chemical 450,000kg (mn Ib) of solid 


fuel in just two minutes, . : Brak 
ing dk Solid fuel rhs 
water. The resulting high-pressured steam ee. As this fuel burns, it pi 
a a 7 = sa : ea = = ee - a 
B ien-§ expels qas at high heat and sound whereas FP 


spins a turbine, connected to a generator which t) in pressure fram a nazzhe to — nF 
converts the motion energyinto electricemergy. | i Ao nee | create thrust, propelling Pa Pe 
When you switch on your toaster, an electric >» hime WT | i oe a eee fo etn aa 


bonds as heat (thermal energy), used to boi! 
ii 
pleed., 








current runs through the toaster‘’s filaments : a 

and the electrical energy is converted into =r i _ Heat Total energy ' Sound 

thermal energy once again, ae Alot of energy is = Every second the shuttle Exhaust leaving the shuttle 
Energy transfers also allow us to store energy . transformed into heat and launch gobbles up creates vibratians and 


. fy light, wath temperatures approximately 10 pales, sound volumes up to a 
for future use — lor examp e, when chat Ring a ings: theengines rising r provided by [ha chemical deafening 220dB. 


laptop battery or winding up a clock, eit, to 3,315"C (6,000°F), energy stored in its fuel, 


\ 


Equator 

| Rackets launch eastwards 
and usually rear the 
equator, taking advantage 
of the extra bexost obtained 
from Earth's rotation. 
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“Nuclear fusion — the process that 





powers the Sun — could one day be oer See eee cee ae rte 
‘ ' shar angina, ushering clectris abews smd carbs 0s Ht ooscunts fee ial te nitcut 20) kilns od connmitted te: linniting a 
g source of unlimited clean energy ‘ ENERGY OVER TIME * isthe stearn age rnokorsaretmnerted halle glebelwechictins TNT ter teal rece OD, enviar 








Renewables showdown 


See how four major renewable energy sources square up 


GOING GREEN 


At any given moment, mankind is using roughly 


15 terawatts of power - enough to run araured 
3 tolhon iPads, Auman across the globe 
consume a total of around poules {i 


Hydroelectric 


najoriby of our energy currenth comes 
fron fossil fuels, Bal aes i 


Wir TT el ih 


Ereer 


Wl Ph d, ChcheS., 


7eothenmal power planks gather tine 
Fo wich tical 


produced at Earth's core. The 
light energy inte electricity or argest § iT. nie tricity, Relatively efflcien | catch is that this energy must find 
thenmal energy. Alihough the Sun : to ingtall, wind energy is | its crerl w nace, Meaning 
ae i a wh rh 3 5 ing buy sine: 
1, i i: 


bie 
transit 
eyrci 
cf tie: peorte: F te ving) water 
wih boih it trap. As ul: rough the 
dam, its kinetic e ' v Sp gi 
a, é. = 
wa es. in turn t Fuelling the future 
= 4 Meoling our planet's growing energy 
needs in a sustainable way is a bough 
challenge. Nuclear fusion = the process 
that powers the Sun could one day be a 
source of practically unlimited, cheap, 
dean energy on Earth. The challenge, 
however is creating the intense pressure 
and temperature conditions needed ta 
coax hydrogen atoms into fusing and 
releasing some of their nuclear energy 
Cars of the future may Fill up on 
blodiesel, ethanol or vegetable all, or use 
electricity from anew source: hydrogen 
fuel cells. These combine hydrogen and 
corygen to form water, eseploiting the 
chemical energy released. 


- on -—~ Energy input of 100 
Visualising = jouteror loo% 





Iceland’s renewable 
energy jackpot —- 


ar 
4 geological stroke of luck allows Iceland to produce 

aver 80 per cent of its energy fand 100 per cent of its oe 
electricity) from renewable sources. Straddling the ati 
Mid-Atlantic: Ridge, a hub of tectonic plate activity, 

loeland is dotted with over 200 volcanoes and some 

600 hot springs, many of which spew out water at 

scalding temperatures of 250 degrees Celsius (482 

degrees Fahrenheit). Exploiting this heat, geothermal 

energy meets 60 per cent of the country’s energy 

needs. The hot water is used to warm houses, 





- a ie 
efficiency 

Mo energy transfer can be 
100 per cent efficient. This 


sudiminineg pook. and greenhouses directly, while 
geothermal plants alse convert heat inte / 
Alectricity. Hydropower = made possible by 


flow diagram illustrates the 
energy transfers at work 
inside an ehectric motor, With 
an energy input of LOO joules, 
the motor turns 56 joules 
inte Usable kinetic anergy - in 
other wands, it has an 
efficiency of 56 per cent. The 
remaining energy is wasted 
as sound and heat, This 
information alkiwes engineers 
to pingeaint which parts of a 
process can be improved ta 
rake &FRickency qaris. 


the country's abundant rivers and 
waterfalls - makes up for a further 25 
percent of loeland’s energy 

ia ] requirement. This leaves 15 per cent 
« Output of useful SS | of non-renewable energy, mostly 
kinetic energy (%) Se used by oll-gqueziing transport. 
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Waste sound energy (%) “= = Waste heat energy (%) 
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“The electric fields build up 
ond electrons hurtle fram the 
adhesive towards the tape" 
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PLAY YOUR MUSIC on YOUR PHONE. TAKE YOUR CALLS. 
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Correcting heart rhythms 


rf | How can a little electricity be used to fix a heart that’s beating off-kilter? 
























= &. Low energy 3. Timing the shock 
| Unlike defibrillation, The heart is vulnerable 
which utes high voltages when il is belween beats, 
to restart a heart that has 50 to prevent a cardiac 
. stonped, resetting an arrest, the shock is tinved to 
6. Natural pacemaker a abnornial heart uses Coie WIth The Purr piri 
The heart has its own internal fairly kow-otergy shocks Of tha: ventricles. 


pacemaker kneven as the of just 50-200 joules. 


sindatrial node, Delivering a 
small electrec shock to this 





Fesynichronees the ongans Py Pi tstecest cor Etc etseetott rt itels ie a 
natural electrical activity. 4. Arrhythmia 
: lf the heart beats too 
is) feet, ar at an regular 
; pace, i becomes unable 2 _ _ - 
i to effectively pump — P ‘i 
5. Electric shocks | blood around the body. * “* 


Low-energy electric shocks 
are delivered to the heart 
Through the ehectrodes. 


————} 


1. Electrode pads ¥ _, ee 
Two metallic plates are Atrial fibrillation 
placed an the patient's 
chest across the heart, 


h 
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2. Conductive gel J f- : FE f 
i } A saltwater-based gel is  . a 
. wed sc the current can 7. Cardioversion ¥ co + BRAVEN BRV-1 
travel from the electrodes machine . : . te IPX-5 water-resistant: shockproof 
and through the skin The machine records the > , ' | a pet © hr battery can alse charge phones 
= i electrical activity of the Sy ‘ . | © Bluetooth music and hands-free calls 
fi heart and cakculates the = | = ae : 


electric shecks required 
to restore the argan ta 
iS mend Fry tar 


- a4 # 
+ _ » a ae A. xo | asf, § "the BRV-| iso eloss-ecetining 
ie x . “ r “ey - = Pr a - _ e 


eo ye eh - e iy i q 
ee i ‘ ye 5 . my , = ee taal ; Sa product the 
a “ a 4, : . i ‘ e -— a : r ‘ 4 " Ake , . = a oe ' 4 Arimy Kn 4a 
a 1 2 Sa Se |g “i —- ~~ hut ole the Chief 
pe ; Fr 2 He ab F i i =: 
A "hs o < - ea ey Pe . ; 
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X- ray ta pe Thee AWARD- aullalalne PORTABLE SPEAKERS | 

! nn ) Find n ! R as. ) 
Peeling sticky tape off the roll in a vacuum chamber releases : 4. 
X-rays powerful enough to image a human finger X-ray release 


Emitted X-ray bursts last 
mo i : ; for just 1 billionth of a 
28 Occasionally when two surfaces move ' 
RE pe Se iee ae Polyethylene tape fe a aan 
Apa nS one another, an @lectrica As the tage is. unrolled, it The difference in charge milinvalts of energy. 
= charge is generated and gains a negative charge. causes hector from 
electramagenetic radiation -—in the form of light, the adhesive to fly 
towards the roll of tape. 








































Electrons 















650 6255 600 570 


or A-rays — is Teleased, This phenomenon is 


ea alse scence, As sticky t S Superior-quality apt-x Bluetooth oudio Rugped casing, dry bag ond LED torch Stylish red or dork grey oluminium White hot borpoin Broven 
cnown as triboluminescence, ape IS 2Ohr battery life con obo chore phones © [bbe bottery life con olso charge phones = © 12he bottery life con also chorge phomes : © 10hr better, life con olso change phones 
peeled from the roll, the acrylic adhesive Bluetooth music ond honds-tee cols = © Bluetooth music ond honds-fee cols = © Bluetooth music ond bonds-free calls | © Bluetooth music ond honds-tree calls 


becomes slightly positively charped, while the I = 
polyelhylene lape becomes slightly negatively Acrylic adhesive 

chareed. The electric fields build up and The adhesive that ieee 
the tape together gains 
| Ba ositive charge. 














Collision 
As the electrons collide 

with the positively charged 
tape, X-rays are released. 







electrons hurtle fram the adhesive towards 
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® Bacteria are the most numerous 
i living things on the planet, and were 
=" amone the first forms of life to have 
evolved here, nearly 3.4 billion years apo. 
These simple single-celled organisms are 


just fractions of a sun S they are 
incredibly adaptable and have colimised most 
environments. Asingle teaspoon of soit 
contains 1 billion bacteria, the human put i 
colonised by §00-1,000 species and some — like 
Thermus aquaticus -can even live in water at 
6o degrees Celsius (175 degrees Fahrenheit]! 

Bacterial colonisation of almost the entire 
planet is a result of several characteristics. 
Firstly, they reproduce incredibly fast. 
Secondly, they are able to share genetic 
code by exchanging small fragments of 
DNA called plasmids -if one bacterium 
develops resistance to an antibiotic, it 
can share the genetic knowledge with 
its neighbours, Finally, bacteria have 
far fewer mechanisms to prevent 
errors being made in their DNA 
sequence, so they make mistakes and 
mutate often, developing new genes as 
they adapt to their enviftonment. 

Even though bacteriaare single 
cells, they rarely live in igolation. They 
often attach ean to one 
another, held together bya mucus-like 
carbohydrate matrix to form a biofilm. 
Within these bacterial colonies, 
individual cells make commections to one 
another to share nutrients. They also 
communicate with one another by quorum 
sensing; bacteria produce signalling 
molecules, which build up in the local 
environment, allowing them to detect the 
presence of other bacteria around them and 
change their behaviour accordingly. 

Bacteria are not only thought to have been 
responsible for generating the oxygen that 
allowed the development of complex life forms 
on Earth, but scientists also believe that 
symbiotic bacteria gave rise to more complex 
organisms, Mitochondria - the powerhouses 
that generate energy inside our own cells — 
contain bacterial DNA, and it is thought that 
they originated as bacteria that were engulfed 
by their symbiotic companions, # 
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“They make mistakes and mutate 
often, developing new genes as 
they adapt to their environment” 









Flagellum 

Sonne bacteria have 
Wwhip-lke protein 
tails, which they use 
like a propeller to 
mriee Through Thuis. 


Fimbria 

Short projections from 
the bacterium allow it te 
slick ta surfaces and fc 
other cells, preventing it 
from Being Swept ava, 





RECORD 
BREAKERS 


TINY GIANT 








Cell wall 

Most bacteria ane 
protected by a cell 
wall made up of 
Sugars and proteins. 


Idany bacteria are also 
surraunded by a suger 
coat, Which helps them 
to stack to surfaces 


| and form biafilrns. 


WAN OWI TURK SOAR Y CoM. 


Plasma membrane 
The cell is surrounded by 
2 double layer of lipids, 
whieh acts as 4 barrier 
between [he backer 
and its emaronment. 
















0./5mm 


Nucleoid 

Bacteria do not have a 
nucleus - instead their 
DA & Stored ana 
circular chromosome 
in an irregular body in 
the cytaglasin. 


MOST MASSIVE BACTERIUM 









Thiomargarita namiblensis can grow to nearly a millimetre in 


length and is visible to the naked eye. It contains granules of 


How to identify bacteria 
Antibiotics affect bacteria in different 
ways, and knowlng the weaknesses 
of a particuler infection is the best 
way to treat it. One bactenal weak 
paint is the cell wall, which gives the 
bacteria strength and protects them 
from changes in osmotic pressure, 
Bacteria can be broadly divided 
into two large groups based on the 
bape of cell wall that they corntaine 
Gram positive and Gram negative. 
The cell walls of Gram-positive 
bacteria contain 50-90 per cent 
peptidoglycan — a paler made of 
sugars and proteins, This polymer is 


Plasmid 
Many bacteria trade 
sottall cirches of OMA. 


which contain genes 
beneficial to survival = 
like antibiotic resistance, 


Ribosome 
Riboseerass ari: 
responsiele for 
protein praguction 
in the bacterial cell, 


woven into a mesh many layers thick, 
which sits on the outside of the 
plasma membrane. in contrast, the 
cell walls of Gramenegative bacteria 
contain less than ten per cent 
peptidoglycan, sandwiched between 
two plasma membranes, 


The purple stain, Gentian Violet, 


Sticks to the peptidaglycan im 
Gram-positive bacteria, but cannot 
bind to the sandwiched layer in 
Gramenegative bacteria. This allows 
the tan cell wall types to be easily 
distinguished, and is often the first 
stage in bacterial identification. 





What shape 
are they? 
Spheres 


Cocci are spherical 
bacteria. They can exist 
as individuals, in chains 
{like streptococcus), in 
groups that resemble berries 
(like staphylococcus}, and 
even assembled into cubes 
of eight spheres. 


Rods 
Rod-shaped bacteria 





(bacilli) normally exist 
alone, but can combine 
to form chains and 





include well-known culprits 
like E coli and Salmonella. 
The rod shape is maintained 
by a tough cell wall. 


espe 
The most tamous of 


these curved rod- 
shaped bacteria are 
those that cause cholera 
jie Vibrio cholerae). Each 
has 2 single flagellum at one 
end, enabling it to swim 
through water 
Corkscrew 
Spirilla are the 


least common type of 
bacteria and havea 








regular corkscrew shape. 
They often have flagella at 
either end to help propel 
them through fluids. 


SAbnry 
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"Tf the tracheal opening is going 
to be a permanent feature then a 


piece of cartilage may be removed" 











Tracheotomy surgery 


Discover the science and tech behind this life-saving procedure 





lf the upper airway becomes blocked, 
ry either by facial trauma, cancer or 

inflammation, an alternative route 
must be found for air to enter the lungs. 

Planned tracheotomies are performed under 
feneral anaesthesia or sedation. The neck is 
extended backwards to allow the surgeon to 
@asily identify the structures in the throatand 
to make an accurate incision (see diagram). 
First, a vertical cutis made in the skin, below 
the tracheal cartilage, and the underlying 
muscle and blood vessels are carefully moved 
out of the way to expose the trachea. 

The trachea is normally held open by 
C-shaped rings of cartilage, which prevent the 
airway from collapsing. A hole is made between 
the third and fourth rings, allowing the surgeon 
access to the alrway without disrupting the 
cartilage supports. A tracheotomy tube is then 
inserted into the airway and secured to the 
neck. [f the tracheal opening is poing to bea 
permanent feature rather than temporary then 
a piece of cartilage may be removed to allow the 
tube to sit more comfortably. 

The vocal cords sit just behind the tracheal 
cartilage, above the tracheotomy incision site, 
but in order to talk, air must be able to pass 
through the vocal cords to make them vibrate. 
Some tracheotomy tubes contain unidirectional 
Valves, enabling the patient to breathe in 
through the tube and out through their mouth, 
which provides good alr supply to the lungs, 
without hampering speech. 

[f the patient is unable to breathe unaided, a 
ventilator may be attached to mechanically 
move alr inand out ofthe lungs. @ 


Have you got a pen? 
A tracheotomy is a complex procedure, sa in 
life-threatening, emergency situations a faster 
procedure -— known 24 4 crieothyrateniy fake 
called cricothyroidatomy) - may be performed, 
4 higher incision is made just below the thyraid 
cartilage Gadani's apple) and then through the 
écrleethyroid membrane, directly inte the traces. 
Ik ig possible to perform this procedure with a 
sharp instrument and any hollow tube, such asa 
straw or a ballpoint pen case. However, finding 
the correct location ta make the incision |s 
challenging, and without medical training there 
is great risk of damaging major blood vessels, 
the oesophagus or the vocal cords. 
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Larynx 

The aecal cords sit 
behind the thyroid 
cartilage, abows: the 


paint of the incisson, 


Cartilage ring 

The trachea is held 
agen by stiff C-shaped 
rings made of cartilage. 


| Stoma 


4, berniperrary or 
permanent tube is 
inserted into the 
trachea through an 


© mcision belwasen tha 


rings of cartilage, 


—_ 


Flanges 

The outer portion of 
the tube has flanged 
edges, which neans 
it can be securely 
taped te the neck, 


Anatomy of a tracheotomy hy 
The trachea is surrounded by a minefield of major a 
blood vessels, nerves, glands and muscles. 















Thyroid cartilage 
The surgeon uses the 
prominent Adam's 
apple as a marker to 
locate the best incision 
site on the neck. 





| Oesophagus 

ri Tht oesophagus lines 
behind the trachea, so the 
surgeon must take care 

not to puncture through 


. | : fram ore bo tha: celle. 


Trachea 

The trachea connects the 

bury to the mouth and 

neat: 3 tracheotomy 

bypasses them to grant 
/ direct acoess to the lungs. 


Carotid artery 

Large artenes supplying bhend 
to the brain and face pun up 
either side of the trachea. 


- Thyroid 
The thyraid gland, 
responsible for making 
Numerous hornniHres, 
Sats just beneath the 
trachmatarny site. 
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AQUILA children’s magazine is | 
perfect for lively 8-12 year olds who =| 
are always asking questions. 


Using a fun mix of science, arts and 

general knowledge, AQUILA will _— 
capture children's interest as they 
learn about the world. 

The magazine will also nudge their 
awareness in the right direction 
with thought-provoking articles that 
include philosophy and health. 





’ Exciting new topic every month 
’ Feeds bright minds 
” Inspires achievement 







Coming up next in AQUILA: Predators, The Planets, 
i. fl ‘== | Masks & Costumes, Giants, Scandinawia. 


yas www.aquila.co.uk 01323 431313 





THE BOOGIE BOARD SYNC 9.7 
LCD EWRITER 


The new Boogie Board Sync 9.7 LOO eWriter takes paperless note-taking to 
a whole new level Saves hundreds of pages to internal memory in vector 
pot format. Transfer files to camputer, tablet, smartphone or other mobile 
devices instantly and wirelessly via Bluetooth. The large, pressure-sensilive 
writing surface captures every stroke — ideal for artists and illustrators. 

Free optional software includes virtual whiteboard mode for conference and 
classroom use. Compatible with Windows, Mac, Android, i05, Evernote, OCR, 
and Adobe Illustrator. Available Christmas 2013. 


www.improvelectronics.com 
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LCD eWriters 





How Is carbon datin 
used toa 





“The radiocarbon dating process is a 
dependable method of measuring 
the age of organic remains” 





e remains: 


Learn how science and technology are working hand in hand to 
pinpoint the age of ancient organisms, including humans 


Carbon dating is an ageing process 

that works by studying the decay of 

nitrogen in radiocarbon (carbon-141, 
with this substance present in every organic 
being. Carbon-14i8 an intrinsic part of the 
biological carbon cycle on Earth, entering via 
green plants from the atmosphere and then 
passing up the food chain via animals. As such, 
while an organism is alive it will have a 
consistent level of carbon-14 stored in its cells. 

Once an organism dies, however, that level of 

carbon-14 begins to decrease — something that 
occurs very slowly as carbon-14 has a half-life of 
5.770 years, give or take 40 years. Asaresult, by 
measuring the radiocarbon, we can determine 
when the lifeform died (ie when the level of 
carbon-14 in its tissue stopped being topped 
up), though only to around 60,000 years ago, & 


lon preaccelerator 
This helps bo direct the 


L. lonisation 

The sample is koniged, which is 
achasaed by ahectiran 
bombardment, For this, caesium 
fos) is used, which donates its 
eleetrans to the sannple and 
creahes negaliveh charged 
carbon tons, The result of such 
physical phenomenon is plasma 
that is induced by the conduit. 


carbon kon, 
1 
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eee Magnetic deflector 

This gs the first separation ol ions, where 
most of the unwanted isotopes, such as 
carbon-L2 and carbon-13, are deflected to 
the sides of the accelerator. Carbon-L4 mong 
and carbon hydrogen mohecubss (ig 
methane and methylene) are undeflected 
and travel on towards the accelerator, 


= lon beam 


Electric 00. i 
lenses 

These lenses Tepes 
the ion beam, 





1960 1977 
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Willard Lista, publishes 9 Litsisy artel dod labearatars Libsiyy frvd! sc eertist Lorre Libby is aired the An Fooeterator mass 
pager promos ing thet the prove his chicory correct Amol date pieces of Hobe Pre in Chemistry Soecinoneher i weed for the first 
CARBON DATING earbenn lin [ning nities with their findings Anclant Ecqyprticn vce fee his. dhewn legcait cof finne to neas ure carbon] in 
may contain carbon). publehed in Soence. dating io 2600 BCE. radiocarbon cling ssmples smaller than a ndlgram. 
Corbon hos tev non ocioncti Oy I [ rbon ] | | Mel lio I OLOLIE orbo J | 
3. Accelerator 4. Electrostatic Three unlversithes were chosen to date 
This qenerates a high voltage, forcing the deflector the ancient linen Turin Shroud in 1988, 


negatively charged carbon ions to accelerate 
towards the positive terminal, where 
electrons are removed by a gas ‘stripper’. 
These positive ken aro thn mepdihed by the 
Basitive terminal, accelerating towards the 
electrostatic deflector. 





ee Argon gas ‘stripper’ 
Argon gas interacts with carbon 
fons that move through the 
conduit, causing them to lose 
electrons ard beso pes itively 
charged — that is, “C*, 


-—~ Silica 
These neutralise the impact, 
Irening a change proportional 
to the energy of thie ton, 


WUC ROT OR eS CAO COC fel 


Thes devine creates an 
electrostatic field that deflects 
ions wath 2 lower positive charge. 
Carbon atems with higher 
posilive charge, meanwhile, 
contingne through the comdait 


believed by some to have covered Jesus 
after he was crucified, but carbon 
dating concluded it was a mecieval 
forgery. The sample consisted of a 
Ssever-centimetre (2.8-inch) cut, 
divided into three parts. (This image 
shows the scale of the sample, but 

4 doesn't indicate the area of extraction.) 
i However more recent research by the 

i University of Padua, btaly, has put the 

i shroud much alder at around 33 BCE. 















5. Magnetic analyser ----~ ; 







lons with positive electrons {39 i 
enter the magnetised field of 
the magnetic anakser, The ae oo 
carhen isctloges ant deflected Teee : 

1 


at different angles because of — 7 
their varying masses. The ions 
af “iC eantinue te the detector. | 


Electromagnet 


[mand ERE eee 6. Detector 

Carbon molecules generate a pulse 
when they collide against the silicon 
Blates of the detector; this is 
proportional to the emargy of the ier. 
The number and enengy of the ions 
are processed by a computer and 
displayed in a spectrograph. 


) alate 
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explore t ‘het te echt cia 


naval combat Lcame 

years ago, then pes 
forgot to tell the nation ep 
wave ue Slale-of- the-art, 


desitcvane tae pushed out of Bri 
dackyards, through to the aimee 
Zumwalt-class battleships emerg Pine 
USA, and on to the cruising ca 
sitting like small islandsin Earth's ooeans 
battleships are being produced en mass 
a more advanced spec than ever before. 
Far from the basic heavyweights of bygor ne 


centuries, required simply to go toe-to-toe with 
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= Lher forel 4 

i id ' I 1 mm | i, 

(Oday Ss Warsi Pe TH 

threats. whether at sea 

Fe he jal they need (on danse 

SLE, A } et Ce! L4 i 8 rie 

ir ale Aestre Ver OF COTE = | ] 


aTSea al Teenie WePaALITIS 5 


There are cannons tl 





distances th a Fmt res lth 1 Pol 

A Ue Sita tmunitiian toa reel y 
pln tlaccuracy, as iwellas Gatling PL 
tan aulomatically track a lareel movine al 
hundreds af miles per hour and then fire 
explosive bu lle Sal Up 601100 Metres (3,616 


pe ‘second to take it down, 

Miss lé launch systems nal only increase 
vessel's stealt n bu are capable of launching 2 
wide va ariely raf city blockevell Tig Missiles 





Future wehicles 


General 





D 
5 


The British Type 45 has 
a displacement of 8,0%e) 
bons amd can carry a 
crew of around Lo 











13,0 
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Threats 


Modern battleships are — 
designed to engage a 
munnber of threats. 
inchuding high-speed jet 
aircraft, rival battleships 
and deep-sea submarines, 


Defensive 

H attacked, a battleship can deploy 
decoy systems like flares and 
AQuUntering anti-mibssibe munitions, 
on dinecihy engage incoming 
threats with smart aytocannons, 


4 high-explosive quided 


Storpeda is projected 


fran 4 US battleship 


USS lowe unboels a wolbey 
of explosive shells fron 
its Mark Tinaval quns 











Detection 
To engage ary ol tha: | 
targets first they need to 

be detected = something 
sched via orbiting GPS 
Satellites, radar and sonar 


. COMMUNICA Sy5tems. 





Offensive | 
When on the offensive, a 
battleship can dng: 
these targets with quaded 
or unguided missiles, 

4 explosive shells and 
deadh torpedocs. 


_ CLBin) naval quns on 


% the USS North 








When fully laden the Yamato-class battleship, which was used 
by Japan during World War I, weighed in at73,000 toms - 
making it by far the heaviest warship ever constructed. 


Corvette 

One of the smallest types, the corvette 
is a lightly armed and manoeuvrable 
vessel used for coastal operations. Stealth 
corvettes are now becoming popular too. 


— — ——EE 
| Frigate 
Lightly armed, medium-sized ships 
generally used to protect other military or 
civilian vessels. Recently, irigates have 
been re-focused to take out submarines. 


| Destroyer 
Large and heavily armed, destroyers 
are typically outfitted for anti-submarine, 
anti-aircraft and anti-surface warfare, and 
can remain at sea for months on end. 


Cruiser 

The cruiser is an armed-to-the-teeth 
multi-role vessel akin to. a modern 
destroyer. While cruisers are still in use, 
they have largely been superseded now, 


Carrier 

Ocean-going leviathans, carriers are 
the largest battleship. Their primary role 
is asa seagoing airbase, launching combat 
aircraft, but they also come heavily armed. 
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“The Advanced Gun System can fire 


ten of these LRLAPs per minute 


from its stealth-designed turret” 


Weapons in focus 
We train our sights on four of the most advanced 
armaments aboard the latest battleships 


Mk 110 naval gun 


Capable of delivering automatic salvos 

of 220 S7-rillineetre (2. 3-leee) fle oS 

hod 0 amrtunition - read: fragmenting 
high-explosive shells = each and every 
minute, the hk 110 naval gun is quite simply 
4 shell-slinging colossus. Stemming fram ane of the rast 
lang-lasting naval gun Serees of the last IO years, the 
Mk 110 comes with a selection of hot features. These 
include the ability to fire both standard and smart 
munitions, a gun barrel-nounted radar for refined 
measuring of mucre velocity, an instantaneous ability tc 
switch between ammunition types, a stealtth-orented 
ballistic shield that protects the quin while alkowing a full 
360-degqres traverse, plus a fully digital fire central 
system thal enables. [he Wk 110 to respond to exact 
painting orders and ammunation fuse selection 
milliseconds prior to firing. indeed, the only thing that 
stops the Mk 110 from bombarding its target 
comlinucushy bits shell capacy, which rests at TAQ 
rounds with a three-minute reload process. 


—_— 


5 Barrel 

The nets ree ieee The MK LO has.a single 
capable of a full-eirele % firing barrel with a 
Svan amd comtaanes the 7 progressive, 24—grocwe 
gun's firing systems. The . parabolic twist, The 
turret allows the qun to barrel's bore langth is 
elevate from -L0" through | 3 490mm (57nd with the 

a 5 if We 
to #7 and & protected a gun cagable of firing Sir 
with = ballistic shield to (2.4in) conventional and 
disquise it fron radars. PR eh Ser 


[ 


Hoist 
The MK 110Fs Sinn 
(2 2in} Wk 255 Mad O 
amMmunitian is caliverde 
to the turret emplacement 
via aimechanical loading 
 hoiét. Ammunition & 
@ stacked 120 rounds deep 
) and automatically Fed into 
the fireeg chamber, 


a 


a 
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Advanced 

Gun System 

The Advanced Gun System (405) 

is a new naval qun fron BAE 

Systems capable of firing precision 

munitions superfast and al over-the-herizon 
ranges. What makes it special is that far from 
firing traditional unguided shells = a5 most 
naval quns have been designed for - it fires the 
Long Rarge Land Attack Propectibe (LALAP), a 
155: millimetre (6.1:inch) precision quided 
artillery shell that, thanks to base bleed rocket 
assistance and an extended range fin glide 
trajectory, can travel ver JOS kilometres (6S 
miles) bo a target. What's more, it then has a 
circular error probable {ie accuracy) of onby 50 
metres (164 feet), making it ineredibly precise 
even al great distance. Throw in the fact thal 
the AGS can fire ten of these LRLAPSs per 
minute from its stealth-designed turret and 
that it can fire traditional unguided munitions 
as well and it becomes clear why il's being 
incorporated into many of today’s warships 





Vertical 
Launch System 
The Vertheal Launch System (WLS) 
is a Stale-ol-the-arl rrulli-rissile 
launching system. Undike previous 
eyvatems, which oould only fire one specific bpe of 
missile, the WLS is ridiular sea variety of projectiles 
can be fired fram the sarne enclosures, [hee rissiles, 
which on the Zumawalt-class destroyers include the 
RIM-162 Evolved Seasparnrow missile, Anti-Submarine 
Rocket (ASROC) and Tactical Tornighawk subsanle 
Cruise missile, are enclosed ina Seres of launch cells 
within the ship's hull and, when launched, are fired 
out of the top of the deck. By concealing the missiles 
within the ship until needed, the WLS improves the 
ship's owerall radar crag $-ee lion, making il harder te 
detect. Each missile fired from a VLS. cell is of the 
quided variety, with a selection of high-explosive 
warheads directed to the target by radar or GPS, 


— 


Phalanx CIWS / 


; 


Every battleship built today 

comes with a close-in We appear 

system, or CVS, and oul of these 

systems the Phalans CVS is the 

leader of the pack. It is a point-defence 

weapon designed te attack any target - be that 

enooy fighber jets or missiles - which has 

managed to evade the battleship's longer 

range offensive weapons with its massive 

20mm (0,8) Mel Vulean Gatling gun. What 
makes it really special though is its advanced 





\ Rada 

A bulbous tubular reader 
encases The Phalanx Ku-band 
search and gun-laying radar. 
The search antenna sweeos for 

’ Threats, and once a target is 
conlirmed as hostile, the 
gun-laying antenna books on. 


—— 


| 


Gun 


| Damage is dealt with a 


20mm (0, 8in) MeL Vulcan 
aULOCannon, The cannon 
has a muzzle velocity of 
aver 1.1000mn,'s (4 ,G001L's) 
and an effective range of 
up te 3.64m (2 2mih 


targeting system, which consists of tyra 
independent antennas that work together 
ween for searching for the incoming largel 
and delivers bearing, velocity, range and 
altitude infonmation The second antenna 
6 then wed te track the target on its 


b) | aporasch until it is in firing range. As 
500m a5 an incoming target is close 


enough, the Phalanx can then 
automatically flre, using a selectlon of 
sensors to quide spent rounds al the 
unfortunate target in a split second 


Drum 
Ammunition for the Gatling 

5 CAMO cunTTeS courtesy ofa large 
magazine drum. This dispenser 
fan feed the cannon at a rate of 
over 4.000 rounds per minute, 
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lan dees Crechice Cer Colby: Al 


“A typical car today can run for oh a Rise ofbiofuels Dominant diesel Keeping coolcosts Premium price 


Wesing much biguger engines, zi Using air conditioning Cue fa growing shortage of 

















. : Bock 747 ean bur throueh rectel-eaniny wehicies revey tebe the tuel.of choles, mere increases your fuel erurk ell fromevhieh petral is 
approximate Y 480 kiiometres see ART opera hirer a wet ie estas ve Sete gheeiryrmiashal eerie 
# rT fuel aseceme. Ora ten-heur five per cert ethanal inated diesel cars hennuse they your engine werk harder Te hanwe necked bey nanrhy FC) 
[300 / T les] ON one tank of fuel fight it rnaght use up te and up te seven per cent achieve nore niles pee gallon make tule further, turn att per cent in the last aly years, 
193,000 litres 6,000 gains! Biadiesel indies. CR PAG) for thie: mest: part. all in-car ginomicks. and enh ese bo baz riscireg. 
Over 30 Diion litres [7.9 Dillion gollons| of fuel ore sold on UK forecourts eocn yeor 
__ Air filter Fuel cap and filler pipe on see 7 on en ene en Se z 










Thés filter engures onky The cap ensures imo more: air 
pure, debris-free aur can get inte the fuel lime, while 
enters thie engine. the filler pipe also features an 


Car fuel systems 


Fuel is a vital component in getting a vehicle to move, 
but what happens after you've filled up your tank? 


exit Tor any alr im the tank te 
esicage when refuelling, 


\ For decades now, vehicles have been 
powered by combustion engines that 
rely ona constant feed of bothairand 
fuel combining together to essentially explode, 

As with a normal fire, oxygen is the catalyst 
for any explosion or ignition, The principle is 
the same inside a car's engine, where oxypenis 
mixed with fuel while simultaneously being fed 
into the cylinder heads where these contralled 
explosions force a series af pistons dawn, 
turning the crankshalt and helping to propel 
the vehicle along the road. Without these vital 
ingredients, the engine simply couldn't work. 

When you fill up, fuel (either petrol or diesel] 
flows along a fuel line and down into atank. 
The fuel is stored here in excess, but gradually 
emplies as a pump provides a constant feed to 
the engine as soonas the car is fired up. 





Once fuel leaves the tank, itis deposited viaa 
rail inte eithera manifold on older systems, or 
- more likely taday—-straight into a cylinder 
head using direct fuel injection. 

On alder vehicles, a carburettor is used to 
adjust and measure the levels of airand fuel 
entering an engine, ensuring the right amount 
of both ingredients is supplied so that the 
vehicle runs efficiently. The job of carburettars 
is now also performed by fuel injectorsin 
tandem with an engine control unit (ECU). 

Fuel is burned in the engine, but some excess 
may be left over, which is simply taken back to 
the tank via a return line ready to be used 
again. Atypical car today can run for 
approximately 4éo kilometres (300 miles) on 
one tank of fuel - depending, of course, on 
conditions and the behaviour of the driver, @ 


Throttle plate =" 
The throttle plate is opened 















by pressing the accelerator 
pedal, which then lets sir 


inke (has eregira, 


The inline fuel fitter rds the 
fuel al any impurities that 
could cause damage, 


Fuel pump «----- i ea 
This draws fuel fromthe ie 
tank toa fuel infection 
systern at high pressure, 
Mlieckern PUTT pss are 
electrical, while older 
anes are mechanical, 


Float on ee a ae ee a ee 

A float is attached to an 
armtiin the fuel tank. whieh 
exbends as fuel is used and 










Return rail the float makes its way to 

















Carburettor up close Delivers ary fuel the bottom. The lewel qaumpe 
Although now superseded by fuel deemed excessive by sender lets the driver know 
injection systems carburettors still play the pressure requilatcer how euch fuel remains. 





a vital role in cdassic cars as well as 


saceai 4. Venturi Fuel rail , * back to the fuel tank, 
tools like chainsaws and lawnmowers i 


i This narrowing chamber is ee ed) eee 
i where air meets fuel inthe fuel Into amdivicuis 


earburettar The ratio of air te injectors and sends any 
Fuel and thas quart ities col it excess back to the tank 


via a Fetuen pipe. 


The jet allears a fine amount 
of fuel to be Sprayed into the 
narrow ventun, where it can 
mix with air before travelling 
to the inlet manifold, 


coo | 


&. Throttle plate ~~~ 
Dictabes when the petrol 
and air mixture enters an 
engine; in a car the throttle 
plate opens wher the 
aoodhieraldr is prijs, 
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passing into the engine cam be 
adjusted via an idle mixture 
screw and an ake speed screwy, 


a 1. Choke plate 
When opened, this 
lets clean air enter 
tht carburettor te 
be mined with Fuel 
before being fed to 
the erqine. 


 o. + EEE SF 


~ 2. Float 

Stees fuel from freely flowing into 2 
carburettor, whieh can cause Meceding. 
When up, mo fuel flows, but during use 
the float is pushed down to allow fuel 
inte the carburettar in spurts. 





Engine control unit sensonetsvavanseentsanonst tl 


An engine oomtral unit {ECL} 
ensures immare Fuel is het into the 


engine relative to the arnoumt of air 


het it bey hae threettlo wales, This es 
monitored by a variety of sensors, 
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Fuel injector ~~ 

These are useasd on modem cars to 
deposit Fuel directhy into the intake 
manifold, where the measured 
explosion tabes place. 


WOLCOTT OR RS CAO CCl 








2 ee ee ee eee es ee 


Fuel is stored here until 
it 6 Sent to the engine 
by the fuel punning. 












Inside the tank 


Even the fuel tank itself is a great piece of 
engineering, and not just a holding box as it might 
first appear. Fuel tanks vary in size, ranging fram 
around 60 litres in capacity on smaller vehicles to 
figures in the hundreds of litres on trucks aind 
heavy-goods vehicles (HGVs). Traditionally made 
fram steel, modern tanks found on cars are 
moulded from fighter plastic and contain several 
“baffle tanks’ rather than being just one big open 
space to stop sloshing which could upset the 
vehicle's balance when rounding comers. 

4, fuel tank is seabed, which is why it's possible 
far fuel to sit ina tank for years without 
excessively evaporating, Fuel is drawn from the 
tank using a pump, and a float on ananm allows a 
measurement to be taken of how muchis left. 
With na fuel, the float sits at the bottom of the 
tank, fully extending the float arm, which sends a 
message to the dashboard to notify the driver 
that a wsit to the petrol station is imperative. 


OThieksiec kh; Pera aZabraraky 
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"A watertight door will have 5 TOP FACTS: [=  Aaccneediton, | a 


i Dering-clce, MAAS aaercch lgerthenthe 2 fret Rlyel Navy chips? an rtereheetiae eta 
strategically located locking points TYPE 45 HMS DARING : Dehcobes MS} gomuch ous ten | papel 
to provide compression of the seal" 


Daring, was launched : Typa4? they replaced << to Include gender > Type 45 could simultaneously : costing over 
on? February2006 = Being 152.4 minlength, > neutral living spaces. < track, engage and desiray > £1,050M 
: andcommissianad * withabeameatei2am  : > More targets than five Type 42  : per ship, 

on 23 July 2009. ; andadraught of 7.4m. : : Destroyers operating together 












What's inside a high- 7 Blew Tans 


fom Get to grips with how tyres keep a vehicle on the road 






















|. Alr defence is the 
ships primary role, with 
; powerful radar assisting 
The ships primary this task. 

conventional weapon 

is a BAE systems 4,5 

inch mark &, 


Tread 

The miboer tread is where tyres, like 
this high-performance track tyre 
from Falken, come into contact with 
the road. The more surface area it 
has, the more grip a car will have, 





























However a ‘tread’ is needed to ° 
disperse water fram the tyre in wet Wipe eae 
conditions. Each tyre company has Wie = 


its own specifications ta balance 


fii 
these elements to varying degrees. i Hii} 


fi ff ray 
it fy vee iF 


; fF if F fay 
fir feet ' 
f Hi i) fy H f 
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Two Rolls-Royce 








th WR-21 gas turbine 
rity altemators and two 
Textile cap ply  Sidewall Wartsild 12V200 diesal 










The textile cap ply, or casing ply, is a 
parcdiied fabric cord of many layers 
that forms a part of the substructure. 
This also helps reinforce the structure 
of the tyre and, along with the steel 
cord belt ply, protects against impacts. 


| Made fran the same rubber a6 the 
tread, a tyre's sine is printed here, IF it 
reads, say, 205,'65/'15, the first number 
, 6 the tread width im millimetres, the 
second number indicates the height of 
the sidmwvall as a percentage of the 
width, and the last ts the inner pm 
diameter in inches, Sidewalls are made 
hough to protect aqainst side impacts. 


_ generators provide 

) electrical power at 
4,160 volts to a high 
voltage system. The 
high voltage supply 

ia then used to 
provide power to two 
Converteam advanced 
induction motors with 
outputs of 20 MW 







































For more infonmation on a =| 
the HMS Daring Type 45 “D 
Destroyer, please scan a 
this QR Code with your 












. There are 6 ships in 




























| Steel cord belt ply Gs ig reeesetcart tied wire tesa | ileal salah the Type 45 class. See (27,000 hp) each. 
Fine but durable steel belt plies help wire) is embedded in the rubber lip on Inner liner ee ae = tied = — 
add to the textile cap ply on top by each side to ensure the tyre is held The inner liner of a tyre, often made So ae - 3 


firmly ta the whi rim. The bead 
wires are protected By a hard rubber 
apex and an abrasion-resistant rubber 
rim strip, which sits flush with the 
edge of the wheel when fitted. 


ht doors 


improving the tyre's resistance and 
reinforcement against the weight of a 
car. These plies are laid horizontally, 
ensuring 2 greater surface area is 
reinforced for directional stability. 


Waterti 


How do these special ship doors manage to hold 
their own against a flood of oncoming water? 


from Bortyl rubber, ach ae a modem 
inner tube and ensures the air stays 
inside when put on a wheel. Fairly 

thick, the lining aecounts for around 
ten par cent of the tyres wright. 
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Britain's six Type 45 ‘Daring Class’ a MS Daring 
= 4 . FS vt 
=a Destroyers are the most advanced | wl 4 Type #4 Beeirn? 

be reinforced to escorts the nation has ever built. 

compensate for the They are designed to shield a naval 

WEARKEnIG caused 2 F 

by the doarway. task force from air attack By using the 
Sea Viper missile system. Their Aster 





| | '. Locking er es missiles can knock targets out of the 
Simpleindesignandyetvilalin prevent any form of deformation or help tock’ the doar ta sky over 70 miles away if required. The 
piciis sleeaerd nines alan warping from the heavy loads brought by the ship's structure Type 45 destroyers are also capable a) 
in marine industries, a head of water, To aid this, a watertight a sis 2 Ler seh’ ina iE fee ts 
watertight doors are able to stop water door will also have strategically located ~ Locking bar their commissions switching between 
passing even under huge aes lacki Np pol nts te provide su ficient S emacleieed Motlduel them, often at short notice. | 
Essential to their operation isa seal compression of the seal all over, These lapel 
around the perimeter of the entrance lacking points are traditionally activated oth rikiinal effet. 
being fully compressed and in contact viaa single central wheel/bar found in “oo | r iv | 
with the ‘knife edge’ of the frame to the middle of the doar for ease af use. “Seal WWW a | rtix Coin tl ll ij il il I kists 
prevent leakage, Equally, these doors Watertight doors can either be hinged ee tr — = " 7 " J . ”° | 


depressed by the door 
to step any liguid fran 
leaking thremugh., 





must be incredibly strongandstiff( hence orsliding, square or radial, and they 





why theyre usually made fram steel) ta come ina number of different sizes. 
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“Less than 25 of these bridges 
have ever been constructed - and 
only a few remain in use today” 








Aerial transfer bridges 


Learn how transporter bridges carry cargo and passengers across water 


One of the biggest challenges in bridge 
building across busy rivers is allowing 
boats to navigate them freely. 
Solutions have been invented in the form ofa 
variety of movable bridges, with sections that 
retract, lift up or even sink to make room. 

A, rare example is the transporter bridge, or 
aerial transter bridge, which uses a movable 
platform, or gondola, to carry loads from one 
bank to the other. There are very few examples 
worldwide - indeed, less than 25 of these 
bridges have ever been constructed -and only 
a few remain in use today. 

The construction of transporter bridges 
varies. The Vizcaya Bridge in Spain has two 
pillars connected by a crossbeamand 
supported suspension cables, while the Tees 
Transporter Bridge (pictured) inthe UKisa 
cantilevered design with two halves, each 
supported entirely by two towers at either end. | 

Despite the differences in their overall 
structure, transporter bridges all work using | 
the same fundamental mechanics. The gondola 
is suspended below the bridge bya series of , 
steel cables, which attach to an overhead 
trolley. The trolley sits on a track, which runs 
the length of the bridge, and a winch system is 
used to draw the platform and its cargo back 
and forth across the waterway. 

The zondolas have a large carrying capacity 
and can often transport several hundred people 
or several vehicles at once. They also provide an 
advantage over traditional bridges in that they 
can tale passengers directly from ground level. | 
lf the riverbanks are very low, a long approach 
road is required to get vehicles to the correct 
altitude to cross a normal bridge. * 





Anchor arm 

The bridge is 
counterbalanced by 
hwo anchor anns that 
extend avray from the 
Canthever arms. 
Cantilever arm 
The briche is mada 
from two cantilevers, 
each supported by a 
Bair of towers. 


— Track 
4, track bavhwesen the bw 
towers alas the trolley 
to movwe back arpa forth 
along the bridge. 





Anemometer 
The gandola has equipment to 
detect wind smeeds; if the wind 
reaches 5okmy,'h (3 5mph} the 

bridge is closed for saloty, 


Ps . Aj 

he at 4 
.. Engine room 
_ Anengine room supplies 


, ~~ es, Bower to the winch used 
ts eg fn to move the gondola, 








| Foundations 
| The bridge is supported 
| by strong granite 
foundations burned deep 
Beneath the ground. 









Gondola 


Passengers travel 


an, el 







~ alarge moving platform. 
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Do across the bridge using [Pe 
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The Widnes-Runcorn Transporter Bridge over the River Mersey, UK, was 
the largest ever built. It had a main span of 300 metres (984 feet] and two 
towers each 58 metres (190 feet) high. However itwas demolished in 19461. 
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Trolley 

The platform is 
suspended below a 
trolley, which mvs the 
gondala acrass in wea 
and a half minutes, 





The science 
of cantilevers 


The Tees Transporter Bridge in 
Middlesbrough is built using two 

| cantilevers, The beans of a cantilever 
} bridge are supported at only one end, 
and the entire load & transferred to 
support bowers. Cantilever bridges 
are often made aut of structural steel 
for its ability to resist stress, and 
crossbeams may also be included to 
distribute the load, The cantilever is 
Supported by a steel or concrete 
tower, and i¢ balanced by a second 
arm known 26 the anchor arm. The 
anchor arm is connected to the 
cantilever arm and extends in the 
oppasile direction, providing a 
counterbalance to the unsupported 
end of the structure. The anchor arm 
is flemly linked te the ground bey either 
a second tower or - in the case of the 
Tees Transporter Bridge = steel cables 
(see *-shaped structure on far left). 


fof its kind still in use 











Cables 

The gondola is attached 
to overhead raik by a 
network of steel cables, 


j 
. Carrying capacity 
This qandola can carry a 


_ few hundred passengers 
OF Up to nine vehicles. 








Bigger is better. That's nat just an 
expression, il‘san evolutionary 

phenomenon called Cope’s rule: 
animals tend ta evolve into bigger animals. 
Over millions of years dinosaurs went fram 
gmal! reptiles into ground-shaking giants. After 
they went extinct, mammals became the 
dominant land animals and they toa inexorably 
evolved from mouse-like critlers into oversized 
behemaths such asa six-metre (20-foat) sloth 
Mepatherium and the 12-ton-plus, horse-like 
Paraceratherium. When the ice ages came, the 
largest species were wiped oul and smaller 
ones took over and started growing once again, 
The giant animals that exist today are just the 
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cotegones 
explained 


Animals 











latest swing ofa pendulum thal has been 
marking lime over geological limescales. 
Natural selection drives species to evolve 
larger bodies for several reasons. Being huge 
obviously males it harder for you to be eaten by 
predators, but this is anly part of it. The fiercest 
rivals most animals face are other members of 
their own species. The bippest males will be the 
ones to control the largest territories and have 
access lo breeding females. Darwin thought the 
Biraffe’s long neck evolved so that it could reach 
the leaves on the tallest branches, bul recent 
research has supeested thatil may actually be 
because winning ‘necking’ contests is haw 
tales establish daminance aver each other, 























Eventually every species will reach a limit to 
itg size, During the Carboniferous period 
around 300 million years ago, insects and other 
invertebrates grew to enormous sizes, There 
were dragonflies with 75-centimetre (70-inch) 
wingspans anda millipede-like creature called 
Arthropleura over two metres (6.6 feet) long. 

Bul this was ata lime when the oxygen 
concentration in the atmosphere was above 35 
percent, rather than (he 21 per cent il istoday. 
Eventually the oxygen level was so high that 
forests - and even swamps— caught fire with 
every lightning strike. As they burned, the 
oxygen in the air fell to much lower levels, 
Without sophisticated lungs and circulatory 


VU OU a Sa Tl 


410 kg 


A single molor tooth from on 


Dizzy spells 


How do giraffes avoid the blood rushing to their head? 


Elastic skin 

The: kien legs alsa ness 
extra thick, stretchy skin 
to BPevent varicose veins 
forming when bod 
Picross int Chae esas, 


systems, these arthropod monsters simply 
couldn't gel enough oxygen to sustain their 
massive bodies so they died out. 

Even without such drastic environmental 
shifts, there are very real challenges for giant 
animals. Most predators generally eat animals 
smaller than themselves, This allows them to 
hunt abundant prey and achieve an easy kill 
with minimum risk to themselves, But 
carnivores heavier than about 21 kilograms (46 
pounds) can't catch small animals fast enough 
to meet their food requirements. Instead they 
have to hunt quarry much larger than 
themselves. This is more dangerous and 
requires a radical shift in tactics. A large 


WU BOT Dre SCAT Ee CCh el 


\e way to the ihead. 


}Plepnont is the size | 


ed ie! LE 


Uphill climb 
Giraffes must pump 
blece ai twit: furan 
Y blood pressure to 
ensure it reaches all 


~ 


Non-return valve 
Around saven valves in 
the jugular vein stop 
blood from flowery 
backwards om the nefurn 
trip to the heart, 


Safety net 
A branched metwork 
called the rete mirabile 
acts = ashack 
| absorber to prevent 
burst blood vessel. 


Stooping 
When the giralte 
bends to drink, the 
heart has to push 
Blood downwards. 


carnivore also has to cope with irregular 
mealtimes, with long periods of slarvation 
followed by a stomach-stretching blowout. 
Herbivores, meanwhile, face challenges of 
their own. Plants are relatively poor in 
nutrients, so they need to eat alot of them. Giant 
herbivores like elephants and rhinos can 
quickly overgraze an area ifthey don't 
constantly move on, and their large weight can 
compact the ground to the point where 
rainwater doesn’t soak in properly and seeds 
find it difficult to become established. 
Elephants will uproot trees to pet al the topmost 
leaves, Lurning savanna into grassland, 
Elephants can't survive on just grass though, so 











Hercules the liger ja cross between a lion and a tiger) welghs 410 
kilograms (904 pounds) and stands 1.4 metres (4.6 feet) at the 
shoulder. He is 30 per cent bigger than the largest tiger. 


A heart more than 

4 Siem (24in} tall and 

weighing like (41h), 

Bumps al arund 150) 
eats per manute, 


large populations of elephants can become the 
agents of their own destruction. 

A massive body also creates problems for 
reproduction. Ifthe young are born too small, 
they are vulnerable to predators; born too large 
and the extended gestation period places too 
much strain on the mother, Elephants spend 
almost two years pregnant and giraffes must be 
born with much shorter necks in order to 
prevent complications during birth. 

But if nature has shown us one thing, it’s that 
obstacles are [here to be overcome. Around the 
world in virtually every animal proup, colossal 
creatures have risen to the challenge and 
stomped on il. Let's meel nature's giants... 9 
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“Within a given species or genus, 
the larger variants are normally 
found in the coldest climates’ 





AcE and weaghang 6 
S Sky rans CLO punch, 
thes ocean monster onky 
hans up bo dat yanars. 


' Giant Pacific Ocean sunfish ~ Blue whale 
i octopus AAT Ging. bien, thas ne Net ust Ge erquest onimal 
Ue te fee ret res (16 Tee Largest Gece! Bhs er thee alive boxdany, Gut the bregqe st 


animal bo have ever inert 
0 Glu woke bs Qu een 
S tothe seght of siiat JO 
elephants, SOR bona 


Ganet. Females ley J00 
Million @gs. at 3 tere - 
whith @ ruore (han arn 
other wertebrate. 
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The perfect 
temperature 


Large animals have intrinsic protection against 
the cold. The bigger you are, the more heat is 
penerated by your metabolism. Kodiak brown 
bears don't hibernate in the winter to avold the 
freezing temperatures - they do it because 
there isn't enough food to support their 
Voracious appetite. Within a plyven species or 
penus, the larger variants are normally found in 
the coldest climates = the Siberian tiger is the 
largest tiger subspecies, for example. 

Butin hot climates, being large presents the 
opposite problem: how to get rid of that excess 
heat? Hippos spend the day in rivers or lakes 
and only venture out at night to graze. The 
eoutherm white rhing spends the hottest part of 
the day wallowing ina mudhole and even tipers 
Will take a dip in the river to cool off = one of the 
only large cats that does this. Elephants swim 
too, but when they are on the open savanna 
their ears act as natural radiators, pumping hot 
blood through thin skin to shed heat. 


er a 


7 - 
Big game hunting 
One of the biggest advantages of being large is that it 
protects you from predators. But if you are a predator 
yourself, extreme size can often be a disadvantage. 
The larger you are, the harder it is to sneak up on prey 
and the less manoeuvrable you are in comparison. 
Apex predators mornmally need huge hunting ranges to 
flnd enough food; golden eagles, for Instance, patrol 
over 200 square kilometres (77 square miles) of 
moorand looking for carrion, fish and rodents, etc. 

To cvercome this, large predators need to be 
stealthy Often they prefer to ambush their victims, 
rather than run them down Anacondas lie in yeait at 
watering holes, while brown bears wall sit patiently in 
the river at the top of a salmon leap. Others rely on 
team tactles, Lions are farnous for thelr group hunting 
techniques, but Philippine cagles also hunt in pairs, 
with one bird perching to distract a troop of monkeys, 
while the other swoops in from behind. 


& i 


Like: all urnqulale-anirnals: (ejpcrser, 
goats, cows, etc) giraffes ane 
digitigrade {ie they walk on tiptees) 


WUC ORO OR eS CAO COC 


== io Fol mn te 1 | im! = = a = 
1.5m [7.6ft] long! It's block to prote 



























Don’t ever race 
a giraffe! 


The legs ofa giraffe are two metres (6.6 feet) long 
but almost halfofthis isactually the foot. The 
joint that functions asa knee is anatomically 
equivalent to a wrist or ankle. The giraffe 
balances on the tips of its toenails, but to 
support its weight these toenail hoofs are jo 
centimetres (12 inches) across. Giraffes can 
gallop at 60 kilometres 47 miles) per hour for 
short periods, while elephants hil the red line 
al just 25 kilometres (16 miles) per hour. 

Because of the way that their legs must be 
positioned to support the body weight, 
elephants have very poor leverage and use a 
single running gail. Long-distance runningisa 
problem for many very large animals. Tigers, for 
example, can cover as much as 32 kilometres (20 
miles) ina single night's hunting, but they do it 
alan easy walk. To catch prey they must sneak 
to within 10-20 metres (33-66 feet) of the victim 
before they are in pouncing range. 


How It Works | 041 


“Giant salamanders can live for weicHt 3.51 PEVERPRYK,, BS Mi 3.8cm 


over 30 years and keep growing ; 
throughout their lifetime” AMR HecHt & TONS tusk weicxt 65KG sranweicst SKG 
















































































Anatomy of a gia nt Wrinkles Ribcage Powerful shoulders 
Wrinkled skin increases Elephants must lie on Massive shoulder blades 

When you weigh between six and seven tons, just the surface area to aid their sides or the weight provide wide attachment 

standing up is an incredible feat of engineering... coaling in a het climate. of the body would cause points for the powerful muscles 


thom to shewhy sulfocale, of the neck and forelegs. 


Huge ears 

The ears have: cre-sieth the 
ania of the: dentine body and 
are used as the primary 
cooling mechanisnn. 





Hollow skull 

The skull bors han 
honeyoomb cavities to 
reduce weight without 
sacrificing stremgth. 


Tusk 

Males and females Both 
have tusks, but the males’ 
are larger. The tap third is 
ancheened in (ihe upper jaw, 


Trunk 


The trunk is a fusian of 
the nose and upper lip. 
It contains 10.000 
muscles and temdans. 


Big brain 
Elephant brains are three times the size 
of curs. 4 newborn eephant's brain is 

aheady 30-40 per cent of its adult size, 





siphoning 
signalling, grabking 
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Strong leg 
Tht beg bores have 
a dense bony cone 
instead of bone 
rare, PP ry 
Chaser stinorneger. 


Cushion pad 
The feet rest.onan 
angled pad of fat and 
gristhe te albseark the 
impact of each step. 
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be: 
Subscribe today and pay 
just $6.15* per issue 
Save 35% off the 
newsstand price 


Each issue mailed to 
you direct before it 
goes on sale in stores 


Money-back guarantee 
on any unmailed issues 





To order online, 
visit our secure site and 
ge enter the offer code USA 


Or call +44 (0)1795 418680 and quote USA 


Tenms 2 conditions 
* Savings compared bo buying 13 issues from the neyesiand. ‘You willactually be charged £50 in UK sterling, which @ equivalent to 280 at current exchange rates. Your subsoiption will start from the next avaiable issue and 
will run for 13 iscaies, Frye tree issues refers bo [he pewcaiand price of 95.50 tor 13 oie being $125,590 Theater aupites 3] December 2015, Imagine Publishing reserves the right tolimit this citer Lo ane per household 
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The Eye of the Sahara — 


What is the Richat Structure and how did it form? . ‘ 






massive ancient meteorite oi 
struck the side of the Earth, Bu 
isnoim ok crater. The i” Stu: re 


| » It might look like the sitewherea 


desert landscape. Located in the north Air 
country of Mauritania, Richatis a harden 
structural dome whose crest has worn to 
expose the underlying layers of sedimentary if 
rockand minerals. sr 
All sedimentary rock layers start our)” > 
horizontal, but due to underground stresses . 
they can get folded - either upwards ina 
convex shape fanticline) or downwards and 
concave (syncline}). No one knows exactly why, 
but millions of years ago a circle of rock strata 
almost 50 kilometres (30 miles) across was 
uplifted causing an anticline dome to bulge up 
out of the Earth's surface. We now know this as 
the Richat Structure. [fit helps, try thinking of 
the dome as the top half of an onion where 
each layer represents a different strata of rock. 
Extremely slowly, the dome was eroded by 
the elements to expose a ring of concentric 
circles on the ground that are now clearly 
visible from space. Like the onion layers, these 
circles indicate the different bands of rock 
radiating out from the central limestone- 
dolomite shelf. Richat’s most visible bands of 
rock (or cuestas) are tilted ridges of resistant 
palaeozoic quartzite that slope away from the 
centre and gave it the misleadingly crater-like 
appearance that long confused scientists. # 


sl 


Wie know the Eye of the Sahar sn't the result 
. wey of an rnpact because tes evidence of 
Li i : _ rete Shek cecurs when the pressure 


and tempensture of an impact deforms the crust 
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“Such is the power of glaciers that the ceremony aI Necroyfjord = Fiordo 
bottoms of fjords are often deeper — 3 alee rama he lrgest 
thon the ocean they open into” 


. vt amt - Vldn Hanging valleys 
. Fjord system F: _ ' ip . oar’ ae, Le oo Fjords often have 
) Other smaller glaciers . a - a” ) waterfalls pouring inta 
would have Mloned inte F ‘ ‘) fe ee fell nal , - J P * . 1 thim, causa by 
the main channel of ice, _— er hay ‘Ath ee. a “tributary' glaciers 
creating long, sprawling ; I’ flowing inte the main 
networks of fords. channel higher up thar 
7 the curment water heel. 
Terminal moraine 
The debris once pushed 
ahead of the glacter 
now les at the fjord 
opening. it can alfect 
water circulation 
throughout the system. 


. Steep sides 
The flooded valhey 
carved out by the glacier 
has a classic U-shape, 
with @ flat batten ane 
high, shiep sides. 


Life in a fjord 
The water ina fjord is distinctly stratified, 
which affects the animals and plants that 


Deep channels 
The deepest parts of the 
fjord's channel are likely 
to be Sslighthy farther 
inland, hen the glacial 
force was strangest, 


the bottom. Hardy deep-water animals 
Such as sea cucumbers live down here in 
the thick mud, d=posited aver thousands 
of years. Dresepewaber coral reels can aloo 
be found, providing valuable habitats for 
other species of algae, deep-water fish, 
Crustaceans and molluscs. Skerries 
Higher up in the walter codurn, algan Some fjord systems have 
ican thrive on the steep rocky sides of the islands scattered mear 


Asa product of the epic clash between ice and rock, 
find out how these amazing valleys are created 
Fjords are long, steep-sided coastal the glacier and was pushed in front of itas the 


+ travelled = known as a terminal 


= tmajority of fhe eloped during moraine. Such is the sheer power of the glacier 


Valleys thata xy the sea. The 


the last ice age, peaking approximately 20,000 
years azo. Glaciers dominated the landscape, 
snaking their way to the ocean and tearing 
through anything that stood in their path. 
These massive valleys are typically found in 
mountainous, coastal areas of the Atlantic and 
Pacific oceans, and are common in Norway, 
Sweden, Greenland, Canada, Chile, New 
Zealand and the US state of Alaska. 

Asa placier carved its way through the rock, it 
cuta distinctive U-shaped valley. The floor was 
flatand the sides were steep and high. As the 
massive river of ice - which could reach up to 
three kilometres (1.9 miles) thick = bore through 
the valley floor, it picked up rocky debris and 

ried it along for the ride, adding to the 
placier’s rock-shattering abrasive power. This 
rubble eventually made its way to the head af 


to pouge outrock that the bottoms of fjords are 
often deeper than th nthat they open 
into. For example, the deepest point of the 
Sognefjord in Norway is approximately 1,300 
metres (4,265 feet) below sea level whereas the 
sill is just 100 metres (328 feet) below sea level. 
As the ice age came to a close, the oceans 
flooded into these extra-deep glaciated valleys, 
forming what we now know as fjords. 
It’s the rock formations of a glaciated 

cape that are left for us to see today. The 
Zlacial moraine will still be present at the 
entrance ofa fjord -a large sillacting asa 
barrier between fjord and open ocean. There 
are also other features such as skerries, which 
are rocky islands within a fjord that can be 
both large and mountainous or small and 
treacherous to navigate ina boat. 


Fjords, providing fod for hundreds of fish 
apecies. Qaygen-rich fresh ywater fran 
nd meliwater slreanmné nuns imtc 

the fpond too, which combined with sunlit 
conditions can serve a6 the perfect 
environment for phytoplankton bloor. 

The sheltered nature of a ford can also 
offer a sate haven for larger marine 
mammal visibors such as seals and 
whales, whieh often ga there ta mate. 


the opening of the ford 
to the open ocnan, wihech 
are kncen as sherries. 


Alani: Haniel rb 
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Answer: 

Sees do heave one secret weapon. They can wenn 
arti the scat and wibrate ta bun Wo the heat 
Bees can wilhetand 46 degrees Celeavs (118 degrees 
Fahrenhent, but homes can oni stand 46. deqnes 
Se Celis (115 degrees Fahrenheit) and so nas 


Cook them © Drown them 





Hornets vs honeybees 


How 30 giant hornets can exterminate a colony of 30,000 honeybees in mere hours 


Gianthornelshaveatastefor —-- Jananese giant homet biology 


Compound eyes 
Hornets have axtremely 
good eyesight enabling 
them ta spot potential 
viciims fram alar. 


honeybee larvae and 
ee eee A consummate killer, the hornet is built for mass murder 





which they feed to their own 


Anmour plating 
Wings Multinle layers of chitin farm an 
impenetrable arniaured casing that 
can defend against most stingers. 


young. Once a hornet scout locates a 
honeybee nest it releases a potent 
pheromone to signal the location to other 
hornets. Upon their arrival, as few as 30 
giant hornets can wipe oulan entire bee 
colony a thousand limes larger. The 
hornets are four to five times the size of 
the honeybees and, with every minule 
thal passes, one hornet will massacre at a 
least five bees, Strong tarsal claws and 
powerful mandibles mean the invaders 
are capable of ripping bee heads from 


A Tem (28in) wingsean enables 
the hort to fy Sem (en) per 
day at up to 40km/h (25mph). 





bodies and simply casting them aside. 
The bees do everything they can to 
aralect their hive —allemptineg to sting 
E eee 6 . | Tarsal claws 

7™= i ' : These vice-libe claws gre the 
armour —but within three hours the Mandibles 
Stinger Powerful jaws are 
capable of beheading 
bees with a single slice. 


through the hornets’ impenetrable 


poey While the hone, makes 
short work of rending multiple 


colony is wiped out, The hornets now ; 
j wictings in seconds. 


This pumps outa large dose of excruciating 
venom that contains an enzyme potent 
encugh ta dissolve hurnan skin. Japanese giant 
hornets kill 4b Japan: people avery yasar. 


ha Ve access lo enough haney bea Bore 
themselves, and all the bee larvae and 
pupae to lake back to their offspring, ® 


The smell of rain 


Find out why precipitation creates a distinctive 
aroma that’s the same all over the world 


s possible to smell rain before it has even fallen. 

a ae has the power to split atmospheric 

nitrogen and oxygen molecules into individual 
atoms, These atoms then react to form nitric oxide, which in 
turn can interact with other chemicals to form ozone - the 
aroma of which is a bit like chlorine and a specific smell 
we've crown to associate with rain, When the scent carries 
onthe wind, we can predict the rain before it falls. 

Another smell associated with rain is petrichor -a term 
coined bya couple of Australian scientists in the mid- 
Sixties. Afteradry spell of weather, the first rain that falls 
brings with ita very particular aroma that isthe same no 
matter where you are, Two chemicals are responsible for the 
production of this indescribable odour called petrichor. One 
of the two chemicals is released bya pl ey i bacteria found 


These c wasarndi c Siguieae the SrOutd aid: when it. 
rains, the smell of petrichor will fill your nostrils. o 
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F ; 1 ; i : water to pass aver its gills, hawe im cur ears), which sense Scales 
| a | which absorb axyqen. vibrations through the water These overlapping plates 
1 ' ! and help the fish hear, ar provide flexible protective beochy 








“a _— Arctic ters : Monarch butterflies Wildebeest © Red land crabs : Sperm whales 
For some varieties of salmon runs 5 TOP a uriears iisuins tf aginnmcakicaentes Ep uLE anes Ghana menace muees Pigrcaeaarm cies 
r - frornithe Arctic Cleckickevai © maamiarch hutterthy ake . Widekeest mkgrateinagant © nathen to Chetstras band bd whale hachelws anhark une 
Con coVeT staggerin distances oO up FAI j SG ta the Antarctic Cree hn the : ted aa te : 2900 Aikeresre (L00-ie) : Pak eit St he as al : pala pcecinehaeh gah 
: ' L Ssoulhsees Chis ite seabird . igrali aif . in ene Africa . the moneoon season ord * them clocking up hours 
to 3 -00 kilometres 2 ooo miles] r a a Sa - provi pina poe : es ewwekbookenie : morchsidewaystoruptoa = © circa Kelerabek afaiaiead 
i ' i GREAT MIGRATIONS Kelleners ACCA ries © Biksrretres (3,000) niles Ss rains thatreplerish the grass. = week Lowards the shore. : with the feral vtales, 











i 


__ The life cycle of a 


Gill cover ~<a 
Also called the operculum, this 


hard but flexible outer lining : 
shields the gills. When the fish Lateral line 


This is a series of fluid-filled 





quips in water, it seals off tts " 
mouth and throat to allow the canals (Sirular Co what we 















distinguish movements in the arniaur against predators. Sockeye solmon 
: : = water and the direction in Scales grow in at the Inv stage : ——— 
Discover the epic journey a salmon undertakes from birth to death wich is Flowing, oflife. As they develop, they Dara fin Soni a 
form rings like you see in tree Like the salmon’s other Type: Fish 
trunks. if aseale falls out a new Tins, the large dorsal fin Diet: Orninivare feg krill, 
The life aquatic is something ofan fishermen’s hooks, up lreacherous bear-lineéd generation of salmon that will embark on ted iis ane grows but withheut the features a fan of bony zeoplarkchan) 
_— adventurous existence if you're a rapids and on tothegravel bedsofthestream precisely the same cycle of life. , » iA ae ee map ian bel oo Average life span in the wild: 
i F ’ SHIN, IN] a5 2 PUddeF, qe : 
x migratory Pacificsalmonsuchasthe  whereit was born. For some varieties of Around six to nine weeks after the eggs ~~ " Nh ) this fin inte the fish _ ———— 
sockeye, While most ofits life isspent autin salmon runs can cover staggering distancesof have been laid and fertilised in the gravel, the : : steady and travelling aan ——— 
the ocean, such seasonal chanpes asthe up to 3,200 kilometres (2,000 miles) up the young will begin to hatch in the freshwater upright through the water. Lenanhe fcr (33in) 
. shortening af the length ofa day trigger the Yukon River. It’s unknown quite how the where they will remain developing for up to 
once-in-its-lifetime migration back to the galmon knows where it's heading, but it's three years. First hatching as alevins they 
freshwater rivers ofits youth, thought it could be following its nose and develop from defenceless small fry through to Pectoral fin 
The annual salmon run performed by the tracking a certain familiar scent. well|-camouflaged parrs, then smalisand A pair af pectoral fins below 


=) = inthe genes, sees the salmon battle its way 
7... | =e - SE el 
fram the ocean back along estuaries, past 


os = 


Ladders for fish 


When salmon make their way back upstream ta 
spawn, they can encounter a number af 
manmade barriers, such as dams and locks. To 
ensure the fish can progress, humans have built 
stepped channels that go over or around the 
obstructions. Known as fish ladders these help 
the salmon overcome otherwise impassable 
obstacles and carry on the rest of their perilous 
«< = journey. The most common type of fish ladder 
looks like a long staircase of mini waterfalls up 
which the fish can leap, but other varieties 
include elevators, pools-and-weirs and baffles. 
The Bonneville Bam on the Columbia River is a 
major salmon thoroughfare fron the Pacific to 
freshwater spawning areas between Oregon and 
Washington. Hundreds of thousands of salmon 
take this route every year oo the addition of the 
Bonneville fish ladder means these aquatic 
commuters can get where they need to go. 


= 








——— 


— “= 
Life stages 
of a salmon 
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adult fish takes place usually in late-spring to The death-defying voyage isexhaustingfor eventually to adults. After that they will the gill covers helps with 
summer. This instinctive behaviour, written 








balance and manoeuvrability. 






the adult salmon and, once itarrives at the migrate to the ocean for their first taste of Fling are chnivesicedd lini 
spawning ground and laysifertilisesitsegas, saltwater where they will continue their muscle, not other bones as 
it will die. The neweppsdevelopintothenext growthinto maturity. @ with human limbs, so they're = 





highly flexibhe. Pectorals help 









Adipose fin 











—_ ™ ~~ ; to maintain the correct 
> deeth in strang currents. Pelvic fin This. has seem ingly 
pias no function. 





Like: tha: pascctorall firs, the 
paired pelvic fins assist the 
salmon with balance, steering, 
Be stopping and hovering. 

























Anal fin 
The balancing anal fin 
helies to keeg the fish 
upright in the water, 












Caudal fin 
The largest and mast powerful & 
fin is the caudal fin, or taalfin. 

This waves water fram side ta 
side to propel the fish forward, 
| ten against strong currents, 






















el . : | ————— spawninéyladult 





A sockeye goes through a The tiny translucent eggs spawned 4n alevin hatches out of the soft The salmen is new starting to look After a few menths, when the fish is By the time the salmon is one te Once it gets to the ocean, the adult ‘The adults then make the perilous 
number of dramatic physical - in the gravel beds of freshwater eggshell but remains hidden in the like a fish, At five to ten weeks old, about 15em (Gin), the fry becomes a three years old, it no longer bears quickly reaches maturity. The skin is trek from ocean to stream. The 

not to mention geographical - rivers and streams are a pinkish- gravel for another month, It will it leaves the gravel nest and learns parr. [t's still vulnerable and so any stripes but appears silver. silvery blue with black speckles spawning female digs a nest called 

changes in its lifetime... orange colour, Each male salmon feed on a nutrient-rich yolk sac that to swinn and feed on minuscule develops dark vertical stripes. on its Snvalts head for the sea, and in the while it lives at sea, but when it a redd into which she lays her eqgs 

fertilises over 2,000 eggs, which remains attached to the small aquatic Inects., At this point the sides for camouflage. It will remain estuary undergo smaltification as returns te freshwater te spawn lt for a male te fertilige. Within about 

hatch after a few weeks. alevin's body, until it is absorbed, salmon are very vulnerable, at this stage for up to three years. they adjust to the saltwater. turns red with a greenish head. taro reeks the fish will lave died. 
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If this blarmics feature piques 
YOUr inbenest, why mol wesil 
London's FutureFast (28-29 
Seotember 20105) where you 
ean witness compelling talks, 
oulting-Edge shoves, 
technology displays and 
interactive performances, 
hearing from such speskers as 
“bionbe rian’ Basrtolt Abeer, For 
more informatkon wisat: 
futurefest.org, 
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Bin ics experts attempt to build [NjUry, The synthetic musi ‘lee are madetfroma 711TmM3 aT s data that a : ] 1 is 1 
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One of the most important factors in biomedical 

rom or optic nerve, respectively, and th in to the Tre 72 Of ims 1 as Peg engineering ils blocempatibllity - the interaction of 

ecoentid lly be broken down and rebuilt Using | 7 fine s AFT hetic fibres clesiet ned fo imitate the sTain. Bianic touch Sens: 1're [ 1 : : aolacements are much more different materials with biological ligsues, 

Implanted materials are often chosen because 

they are “biologically inert’ and as a result they 
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A bionic limb strips human bicle EY back ta excellent candidates tor bi ding robotic Network OF Pressure Sensors i HaStic WED Manne 3) printing w stem cell research, irvchuches lilanium, silicone and plastics like PTFE. 
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scaffold, allowing the tisswe to grow over the valve, 
securing it in place. Some scaffolds used in 
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fibre and titanium are all used a5 structural 

components, providing huge mechanical strength. 
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Ac ra] 
Advances in technology make it possible to build of glasses captures real-time range of motion ina structura socket te : 3D ee ne x a oe 
limbs with components that mimic the function of ireages aNel Trannies ean Wireless hunnar arm and hand. attach to the amputation site oc manufacturing and 
wirelessly to animplantonthe technology i biologists are adapting the 
the skeleton, musculature, tendons and nerves of retina. The implant contains Vidco signal ae Senutolazy eeaet toprint 
the human body. Meanwhile, the sensory system 60 electrodes and, depending sent wirelessly Computer fEprOdUCce, OF even exceed, Sy aa ae om 
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pressure sensors and electrodes. Even that most signals, which are then serv —— * lh rh . from the abectrodes, alternating layers alongside a 
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outperform their biological counterparts. the brain for processing. via GO electrodes, up the optic nerve, 
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Inhalation chamber 
A Tine mist aocumulates in 
this section mead far the 
patient to breathe in, 


Baffle 


Partiche=s of different 


hetablhy Qets best te the 
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Aerosol inhaled 
by patient 






sires are sorted by the} | 
baffle allowing droplets) 
betareen ore arid Thee 
micrometres to ass to 


the inhalation chamber, 
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: Face mask 
4 Masks are usually used by 

, children and the elderly, but 
a meulhpiece is mone 


efficiant and less wasteful, 






Nebulisers demystified 


Nebuliser 
chamber 


Larger drops 
Droplets larger than 
five Micrametres are 
deflated ta the 
reservoir belouvar for 
renebulisation, 


Feeder tubes 
Liquid medication is 
sucked wo thea 
tubes towards the 
area of low pressure, 






Medication 





a 
2,7" Venturi gap 
@ 8° Air tromthe 

ark compressor is forced 
through a small gap 
creating an area of 
how pressure and 
rapédly atomising the 
Squid madication 









Air from 
Compressor 





How do these devices vaporise medication to treat respiratory problems? 


For some treatments swallowing a pill 
| Or having an injection won't get to the 





rool of the problem. Nebulisers offer 
an effective way lo administer drugs directly ta 
the lungs by vaporising a liquid solution of the 
drugintoa fine mist ofairborne liquid particles 
one to five micrometres in diameter. Primarily 
used to treat lung conditions such as chronic 
obstructive pulmonary disease, asthma and 
cystic fibrosis, the mist is inhaled allowing the 
drugs easier targeting of problem areas, 
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Jet nebulisers use an electric pump to force 
compressed air througphatiny gap—the 
Venturi. Here an area of low pressure forms due 
to the Bernoulli principle, which states thal a 
stream of faster moving air will always have a 
lower pressure. A liquid solution of medicine is 
sucked up into small feeding tubes by this 
pressure difference where il meets the fast 
stream of airand atomises into an aerosol 
mixture of tiny liquid drops and air. The patient 
inhales this mixture through a mouthpiece or 


mask, holding their breath fora few seconds, 
which deposits the fine particles in the lungs 
instead of them being immediately exhaled. 

Baffles inside the medicine container contral 
particle size, trapping any droplets that are loa 
bigand directing them back towards the 
reservoir for renebulisation. Particles larger 
than five micrometres are unlileely to pel as far 
as the lungs before depositing, while those 
finer than one micrometre tend not to deposit 
al all, as theyre so light, and are exhaled, @ 
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> TECHNOLOGY 


Inside the new Nexus 





Google's latest Nexus 7 has the most detailed screen ever created fora 
tablet - and it comes with a bevy of other advanced technology too 


) The new Nexus 7, the second 

a generation of (he Google-made tablet, 
is. a17.8-centimetre jseven-inch) 
device which currently can boast the highest- 
resolution tablet screen of its size in the world. 

This record comes courtesy of the 323-pixel- 
per-inch (ppi) panel display, which is 
unsurpassed in any other tablet on the market 
-and that includes Google's awn larger Nexus 
10, which clocks inal anly yoo ppi- 

It’s nol just a one-trick pany though, In 
addition to the Nexus 9°s record-breaking 





screen isa host of other cutling-edge hardware, 


Along with the impressive specifications 
delivered by the tablet’s Snapdragon $4 Pro 
syslem-on-a-chip, the new Nexus 7 isalsa fitted 
wWithan inductive charging coil. This coil is 
designed to work with the Qi wireless interlace 


Leon more 


in this issue's Group 
Test, we pit three of 


standard and, partnered with a compatible 
charging device, allows the tablet to be topped 
up wirelessly by electromagnetic induction, 
bolstering a growing range of products doing 
away with traditional wired chargers. 

Interms ol software, the new Nexus 7 comes 
pre-installed with the latest Android operating 
system: 4.3 Jelly Bean. In terms of connectivity 
Wi-Fi, Bluetooth, NFC and LTE are all supported 
- the latter broadly so with seven LTE dala 
frequencies enabled in both North America and 
Europe; a feat that no other tablet can lay claim 
to, A broad range of frequencies means thal the 
one device can be used in conjunction witha 
variety of network suppliers, such as AT&T and 
Verizon inthe US and Vodafone and Orange in 
the UK, rather than requiring individual 
network-specific models. & 


Why does ppi matter? 


Arguably the rest advanced plece of technalagy 
onthe new Nexus 7 is the 323 ppi screen, This is 
@ vast improvement on the orginal, which 
featured only 216 ppi, It's also a world record for 
a 17. B-centimnetre (seven-linch) tablet, 

The greater number of pixels you can squeeze 
into an inch of a device's panel, the higher the 
panel's overall resolution will be. As such, 
sereens with high ppl counts are capable of 
displaying media with superior fidelity Gie 
crispness and detail) than those wath lower 
counts. Typically high ppi screens are therefore 
aasociated with expensive, larger panels, such as 
thase used in hi-def computer monitors. 

Importantly though, having a physically lange 
screen does not in itself require a high ppi count, 
with many larger (and cheaper) panels delivering 
low ppi counts and poor fidelity, To find such a 
small screen with such a high ppi count im the 
Nexus Tis something of a technological leap. 
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ee The mew Nexus 7/s 


Nexus 7 teardown 


We identify the next-gen tech powering this hot new tab 






Inductive charging coil ~~ 
4 but-in inductive charging coil 
means the tablet can now be ; 
recharged warelesshy. 


Screen Hee * 
The mew tablet's screen 
is ALO20 « 1200p IPS 
LOD panel with a piel 
density of 323 opi. 


Speakers -- 

4, brace af thin, 
plastic-composite 
speakers are installed in 
the tag and bottann of 
the Meats 2s casas 


Casing 


A purely plastic case contributes: 
ter its WaHighl meduction frac the 
orginal, it has.a matte finish on 
the rear to help with grip, 





Elpida RAM === 
2GB of RAMcomes | 
in the shape ot four: 


R2ME DDR&L chips. : 


ualcomm 

napdragon $4 Pro 
The Newus 7's syatern-on- 
achip conan its 1SGHE 
quad-core CPU and 
Adreno 320 GPU, 


Motherboard ..................... 
The motherboard eantains : 
a Varioly of ley harcdetare 


{explored in detail abowel, 





Cameras ............. lig 
There's a ShiB, 
auiohocus mar camera 
and a L.2hiP front: 
facing) camera. 


~~ Battery 
The 3,950 mAh battery is rated at 
3.8 and 15h: it offers an extra 
hour of usecase the: original. 


Qualcomm Atheros 
Thess chip is responsible for 


? controlling the tablet’s WLAN 


ay by'g,'n, Bietooth 40 and 
FRA radia furc:tioralit y. 


SK Hynix NAND Flash 
Storage comes a5 a single 
chip of 1566 eMMe 
solid-state merry. 





= oeeern=s= Daughterboard 


4 secondary circuit baand 
holds the tablet"s capacitive 
touchpad cantraller - an 
ELAN integrated circuit. 


The statistics... | 
Nexus 7 [second gen] 
Height: 250rn0n (7.4in) 

Widths 14min (4 5ir) 
Depths 7m (0. Sin} 
Weight: 2909 10 402) 
Gereen sine: 174. 3mm (in) 
Screen resolutions 





the latest tablets head Tube} as on 

to head, inelueling the a 
socond-gen Nexus 7. | ; i Battery: 3.950mAh 

See which comes out ‘'G | ‘ va Storage: 16/2268 

on top on page S83. — — Rear canmera: Shp 
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The new Mess 7 is 
net ony thinner ard lighter 
than the original ut faster too 


Front camera: 1 2hMF 
PU: 1.5GHz quad-core Kralt 
GPLE Adnene 320 

RAM: 2S 

OS: Android 4.3 felly Bean 
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REAT PHOTOS MADE EASY fits 23154... 159001080p% wen 3,000mAh 
www.photoforbeginners.com 7 
Great shots with any camera 


Py eee The first commerciol woterproof mobile phone wos the LG ConU 5025 released in 2005 


Waterproof smartphones 


How do these electronic devices carry on working even when underwater? 

















ssp) lodaytherearetwomainmethodstor involves subjectingany electroniczizmotoa Simply put, the coating acts inasimilar way 
waterprooling asmartphone: physical plasma-enhanced vapourinavacuum chamber tothe waxy leathers ona duck’s back, 
barriers suchas port coversand sealed atroom temperature. The vapour contains a preventing water from infiltrating the top layer 
seams that prevent liquid entering externally, gaseous polymer, which when broughtinto and forcing it torun off the sides. Obviously, in 
and nanocoatings that penetrate the device contact with the device's surfaces - both the case of asmartphone, this action would 
entirely and actively repel water. While both external and internal - forms a super-strong prevent water from penetrating the delicate 
techniques are used, the most effective is the covalent bond and waterproot barrier 1,000 internal components. However, due to the 
latter, enabling devices to be water resistant times thinner thana human hair. Vapour disposition process, even ifwaterwere 
Without compromising on size and aesthetics. Once on the phone, the ultra-thin polymer to penetrate the mobile’s casing, each internal 
There are different types ofnanocoating, but layerthen dramatically reduces its surface component would also be coated with the 
one ofthe most commonlyusedisthatmadeby energy, forcing any water that comesinto polymer, protecting them until the water 
Pai. This company’s waterproofing process contact with it to bead up and be repelled. evaporated or was dried off manually. * 


rr phone worth splashing out on 


We pick out the key components. that keep the Xperia 2 Ultra Super-dry 


Waterproof 


phone rivals 
Motorola Defy 


With a single-core 


Se PRT Lh 


pat tives bei ener ine lodge kit egy | 


Each port on the 2 Ubi 
comes wath a protective 
cover, These prevent water 
entering while submerged. 





ON SALE NOW: 
> Landscape tricks > Master Nenting > a we sini 





As the * Ultra is eo 


BUY YOUR ISSUE TODAY a 


fre Stet TEE ALT 
r-,. ot protected 


Print edition available at www.imagineshop.co.uk om tn-bowere ese 
Digital edition available at www.greatdigitalmags.com 


Availaia on The tollowing plationns 
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Tough materials 
Thank# ta.a haar cherascd 
glass front and back 


"covers, plus encincling 


metal frarpe, the phore 
Gan remain unicherwgstier 
for up to 30 minutes. 


Port COVers <------; ‘ SooMHz CPU, 512MB of 


RAM, 2 154.0 AL 
battery and a small 
9.4-centimetre (3.7-inch) 
screen, the Defy is very 
much an entry-level 
waber- re sistant phone. 


jennie 

Galaxy 
54 Active 
With a quad-core 
1.9GH2 Snapdragpon 
CPU, 268 of RAM 
and Android 4.2.2 installed, 
the $4 Active is a decent-spec, 
good all-round smartphone 
that c an take the plunge 


Sony Xperia 
2 Ultra 
With a huge 
16.4-centimetre 
(6.4-inch) screen, 
2.2GHz quad-core CPU 
and MP camera, the 
2 Ultra is by far the largest 
and highest-spec waterproof 
phone on the market to date. 


OSney) Sanur, Relea aa 
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“Using digital technologies with 





' : Pocket cokeulstorabeccene | | There's one computer ter The first intersetive Chea, durable Lnertoens flee | Many schools basis 
the internet, school is becomin ~ergryr ie, ceyanorTacks wminadereuiead —‘feitvtaclitstis Ei sweetest 
i 
i a i rT students starting te usa *., f such as anrhy ecu ational by SMART) takes sewer! = acrogs thedacloning vor educational ganas, wicker, 
(] multi ] edia experence PCs IN SCHOOL ther to help with suns, o_o Pa like the Plato, years togamainstrern  haweactess te-computers, appaard web browsing 


Digital classrooms 


From virtual lessons to interactive whiteboards, discover 
how new technology is revolutionising the way we learn 


| Technology is now at the heart of many 
classrooms, providing students with access 
toa whole new way of learning. Using 
digital technologies, combined with the internet, 
school is becoming a multimedia experience. 
Indeed, in 2012 there were i4 million iPads in use in 
education, as well as over 20,000 educational apps. 

Of course, the internet has broughta huge 
resource to the digital classroom, granting instant 
access toa wealth of online information and 
educational tools. Many universities are uploading 
free materials to massive open online courses jor 
MOOCs) like iTunes U and Coursera, providing global 
access Lo free world-class education. Classrooms and 
labs are now also often equipped with microphones, 
speakers and webcams, opening up opportunities 
for collaborations across the globe. 

Access to these digital educational resources is na 
longer limited toa single, rarely used computer in 





‘What technology makes a 











the corner: in fact, interactive whiteboards are now 
the focal point of many classrooms. Astylus, pen or 
finger is used to interact with a whiteboard, on 
which is projected an image of the computer screen. 
The user's movements are detected by the board and 
relayed back to the computer, allowing the user to 
write and draw on the screen (see “Next-gen 
whiteboards* boxout for mare detail). 

The interactive whiteboard is so much more than 
adigital chalkboard though. The pen-style interface 
means that many models come with bespoke 
coftware capable of handwriting recognition, 
converting everything thatis written on the board 
into a digital archive. There are also proerams 
available that allow anything drawn on the screen 
to be printed, recorded, shared and rewatched later. 


This has opened up possibilities for remote learning, 


allowing students unable to attend the physical 
classraam ta still participate virtually. @ 








= i = i 

whiteboard interactive? Infrared and ultrasound 
lnteractive whiteboards use a Light and sound travel at different 
variety of technologies to provide Receiver speeds = by determining the time 
the interface babweean user and The receiver (on the board) delay between Bach, the distance 
screen. infrared whiteboards use detects the dillertsrnce in : fo the source can be calculabed, 
infrared wavelengths directed arrival time between waves 
across the surface of the board. emitted by the stylus. 
When a pen touches the board, it | 
interferes with the light, allaveirney 
the point of contact to be ~ Stylus 
calculated. Similarly, ultrasound The stylus generates 
whiteboards use the deflection of infrared light and 
ultrasound waves to detect a ultrasound as it 
Stylus's movements. teruchess the board. 

Same whiteboards, like thee 
eBeam made by Luidia pictured F 
here, do not actually need an Projector 
electronic board at all, but use a A her ia displays 
detector which ig mounted to the the Pt's interface 
side of a traditional whiteboard. | on 8 whiteboard. 

The eBearn system actually Tracking" 
eambirees both infrared areel Inferrnatian abe 
ultrasound. By using the tuo the position of the 
together, differences in the time pen is then relayed 
taken for the waves of light amd te the computer. 
sound te travel across the board 
enable the location and direction 
of the pen to be pinpointed. This Computer 
works in a similar wary ta Software on the computer 
predicting the distance of a storm ireats the mecaiver as il it 
based an the time delay between Were 2 mnuse, Using the 
seeing the lightning strike and information to interact 

| then hearing the thunder. with the desktop. 
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How do we learn digitally? 
As we learn, connections between be adapted to individual students, 
neurons in the brain are remnforced; One of the major advantages is that 


the more they are used, the stranger technology makes leaning more Fumi, 
they become sind the more eagily we keeping pupils engaged for longer are 




















are able to recall the information. providing memorable experiences to 
Digital classrooms provide an really help the knowledge stick. 
engaging environment to reinforce One technique being increasingly 
memory Different peaple flind that employed to enhance learning through 
they learn more easily in some ways technology is ‘gamification' - 
than others = some prefernng to essentially turning learning into a 
watch, others preferring to interact, game. The best educational games 
ete, Digital classrooms are able to allow the student to lean without The aryvodalae in the brs 
offer tailored ways of learning, even realising it, Many of these games : ; 
appealing to a wide range of also include virtual revwvards and forming memories and learning 





preferences, and enabling classes to leaderboards for an extra incentive. 
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oNEMk 11.86 Earth years bE 9.92 Earth hours 
Bee’ 74.1mn kM wass 317.8 Earths SeMatis 67 









Solar System 
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Astronomy 
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The universe 
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Where it will! h Sie ieived cen Arena 
L it WI alinc Te | was launched on an Ariane 5 
ESA, CNES (the French space agency) and the private ' rocket from the Guiana Space 
company Aranespace conduct many of their rocket f Centre on 14 May 2009 
launches from the Guna Space Centre, a spaceport 
located near Kourou in French Guiana that has been 
operational since 1968. Notable launches from here 
include the Herschel space telescope and the Galdeo 
satellites used for global positioning. 

The Guiana Space Centre is a prime launch site for tvweo 
main reasons. The first is that it is located close to the 
equator which means that rockets get an extra 
speed boost from the rotation of the Earth that 
they wouldn't get at more northern or 
southern latitudes. Its second advantage 
is that it ls located lina sparsely 
populated area. Rockets launch over 
the Atlantic Ocean, so if for some 
reason one were to fail it would 
safely fall inte the ocean and net 
"Uparcas, — 
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Journey to Jupiter 


How the JUICE spacecraft will make its way to the Jovian system 


Tie Ganymede asset will 
enable a Jupiter orbital 
insertion (01) manoeuvre, 


7. Orbit 
By January 2040 or 
10. Mission ends 
The mission will finish in I on the launch date), 
5. Ganymede June 2033 of December t JWECE will enter orbit 
2034, again depending ' around Jupiler 
on the launch date, 


Upon approach to Jupiter, 
JUPCE will pair fon a gravity 
aesist Mangeuvre around 
Ganymede to slaw doven, 


1. Launch 

JWICE will launch atop an 
Ariane 5 ECA rocket in June 
2027 or Auguér aed. 


Vitsteike Jupiter 


Meet the ESA‘s new spacecraft that will explore 


3. Back to Earth 


JUICE will then fly pastibarth 





again ta pick up more spate 
before embarking on the 


the Solar long voyage to Jupiter, 
System’s biggest planet as well as its fascinating icy moons rs 





© jupiterandits moonsare partofasort saltwater ocean lurking beneath its surface, however, a new breed of spacecraftis on its way 
of ‘mini Solar System’, called the while Ganymede bears tantalising hints of a to study the Jovian system like never before, 
* Jovian system that westilldon'tfully thin ozone layer not too dissimilar to Earth's. Already en route is NASA‘s solar-powered Juno m 9. Callisto &. Europa 
understand. Jupiter itself holds the record of With all that in mind, Jupiter has been the robe, which will arrive in July 2016, and b After an encounter Once in ortat, two 
aoe } 2 , rn ioecln eee ? a WUE a ote b Se Bate a 4 | 2;Venus 4. To Jupiter with Callisto, JUICE flybys of Europa 
being t é largest planet in the Solar system, ocus ol several exploratory missions over the 2030 the European space Agency (ESA) will Ta o&tain the speed The jourcaay to Jupiter will then study and across 36 days will 
with storms the size of Earth and a unique past few decades, from passers-by like the hopefully have its own spacecraft in orbit qeeessary to reach will tale 7.6 years if orbit Garnyrnecdefor give JUICE a close-up 
atmosphere making ita world of preatinterest. Voyaperspacecraft to the Galileo orbiter that around the gas giant, called the Jupiter Icy a a ihe by sicher ae ae leet aie eel i heed 
fenus for a gravity assist. or el ars 
Orbiting Jupiter are dozens of natural remained in the system from 1995 to 2003. Now, MoonsExplorer, orJUICEforshort. » lala ; ain 


fromm August 2023. 
satellites that are equally intriguing, with the 


four largest being the Galilean moons: lo, “Europa isanicymoon witha possible 
Europa, Ganymede and Callisto. Eachofthese = GOit\wyqter ocean beneath its surface, while 


is fascinating in its own right: Europa, for 


instance, isan icy moon witha possible Gonymede bears hints of a thin ozone 
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"This spacecroft will take with it a host 
of scientific instruments to study the 


the gas geal im fal 


Jovian system like never before” EXPLORING JUPITER 






® The focus of JUICE’s mission, which will cost 
around €1 billion (£860 million/$1.3 billion), 
will be to examine and characterise three of 
the four Galilean moons - namely Europa, 
Ganymede and Callisto. This spacecraft will 
take with ita host of scientific instruments to 
study the Jovian system like never before, . 
including high-resolution cameras and ' 
spectrometers to analyse the composition of 
Jupiter's atmosphere and its satellites. The 
emphasis of the scientific goals will be ta 
provide evidence as to whether the moons - 
specifically Ganymede and Europa -could be 
habitable to some form of microbial life either 





Science at Jupiter 


JUICE's main abjectlhe is te study three of the Galilean moons - Ganyrnede, 
Europa and Callisto = with particular emphasis on the former. This will include 
performing a detailed characterisation of the moons and ascertaining 
whether they ray be hospitable to life. JUICE veil also study Jupiter ane 
lts atreasphere ta help us Further understand the gas qlant plareet. 

™ ~sse 
le 
Launch date: 
Jur 


Callisto 

The dasalate Callisto & one of the mcs 
heavily cratered bodies in the Solar 
System, Gut its ancient and mactive 


on the surface or in the oceans thought to 
exist under each moon's icy crust. 
The spacecraft will launch onan Ariane 5 


Surtace could hold come of the oldest 
records Pract tha: aarhy Solin Syston. 
Callisto, like Ganymede and Euraga, may 
also be concealing an ocean beneath its 





On board JUICE 


We highlight the major instruments 


—- 


SOREL IT 
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Data transfer: 1 4Sb per day 




















rocket in June 2022 to make use of favourable surface, so JUICE. will conduct further that this spacecraft will take with it board ILICE —— — 
positioning of Jupiter to enable the spacecraft studies of the moon te deduce whether fon —— Mass: 4,600 (Losi 

to reach the planet by using gravitational ormot thes isthe case by locking for fig 

aaelete f Vi sand Earth. As 1i subsurface water reservoirs, JUICE wall ; " lie 

assists trom Venus and Earth. Asecondary atternpt to map parts of the surface and N le A eee 3 NE __ ee = 

launch date of August 202; has also been put pin down its physical properties as well. aTOWw-angre Camera =F BLE EE 

in ple hich ang there’s a backup iff The AAG will take high-resolution Nae b. Ce lc _ = a 
some reason JUICE is delayed. The spacecraft With resolutions oF up bo just a Pa, ae: The IPR vill explore the inner 
is powered bya solar array, while multipl few metres per pixel pecreea 3 Ha sich aan blieablapnle 
Bipinde in ni ae me i = i measure how thick their crusts are. 
thrusters will enable it to orientate itself. WURIHG seseccecceceeeteeeeseeenbeenneenl sarteafdiesesctetthge reson; 

Onceat the Jovian systern JUICE will spend The Visible Infrared Hyperspectral 4 fo guperermeescuerstereessmeneanaianasaneeananacatacssiernansnansna nisi eiadeimtmianstaraias Propulsion 
lh arestudyine iter and its Imaging Spectrometer will study Eight thrusters are fed by almost 
over three years studying Jupiter and its the compensitian of the moans” 3,000hg (6,615)6) of fuel to 
moons. 4side from the bodies mentioned sunaces and bupiter’s manoeuvre the spacecralt, 
earlier, the nature and longevity of the lo atmosphere, Perf Mi Nee we toe AT Wide-aedle caciera 
mission means that JUICE will be able to study While in the Jovian system JUICE may The WAC, with a resolution of 
man oth PT interestin a objec ts around P| iter Hane a Chance tc ober the Fecoelerelalal Antenna A 400m (Lanon ar nol, wall lated 
¥ 5 00) Pp q p 
euch as th evolcanically active moon lo and mon that 5 bo = the most volcanic place JUICE weil communicate with the used to map Jupster and its moons. 
a fhe email : “aero oar) inthe Solar System. it has meore than 400 Earth using a high-gain antenna from afar, 
some ofthe smaller natural satellites too. known active voleances that spew sulphur (HGA) 3.20 (0.50 wide. 
JUICE will carry 11 scientific experiments and other material orbs its surlasce, ' 
that each hasa specific purpose, One of the lending the maxon its odd ywellovwy hapa. lo's >. 
; cee = : volcanism stenns fran its eccentric orbit i " 

most interesting isan ice-penetrating radar around Jupiter, with the gas glant and its ‘ 1 i ap 

that, by using a method known as sounding, other moons pushing and pulling la te o- Power Conditioni Ten TRS AT i ees *™ 
will be able to measure the thickness of the cause extreme tidal heating at its core. ” “a . and Data Handling Unit Thermal design. ~/ o 

Aan barney eich ae Ci . _* , ty The PEDU wall be able to store The entire spacecraft & A i 

icy crust on moons such as Ganymede and si 4750Wirat energy - eraugh to eovered in 20 layers of black Bh > 

Europa -something that has never been done patter the soacuecralt for over Kapton for preiecticm im the E ij 

before —and thus revealing the depth of any eight hours without sunlight. cold environment of space, i 

subsurface oceans. There's also a proposal to 

include a Russian-built Ganymede lander ' Solar panels 
with JUICE, which could touch dawn on the | Ganymede Euro Eight panes of equal sive seannin 

! ght p q q 


64m? (689ht) house the solar cells 
that gather energy fram the Sun 


Europa is one of the most fascinating : : 
bodies in the Salar System, mainly 
because it has a srmeoth bey surface that 
may be hiding an ooan weeckergreuned with 
more water than all that found on Earth, 
JUICE will seour Europa for signs of 
erganic molecules and lfe-essential 
chemistry, in addition te hearning eric 
about tts surface features, such as cracks 
and fissures. JUICE will aso measure the 
minimal thickness of Buropa's ey crust at 
samo active magions that may ba: spewing 
up liquid water from below, 


‘Ganymede ts the largest moon inthe 
Solar System, and ako one of the most 
interesting. Like Europa it's believed ta 
have an joy crust with a rocky surface 
lurking Gelow, while tt may aloo have a 
magnetic field like Earth's that interacts 
with the Jovian magnetosphere. JUICE E eat 
will attempl to reveal more abenl = en a 
‘Ganymede by performing topographical 

and geological mapping of the surface, 

in addition ta characterising the ley 

surlace and subsurface ooean with thas 

varkeus solentitic instruments on board, 


moon and perform surface operations, 
although this has not been decided on yet. 

JUICE is part of the European Space 
Agency's Cosmic Vision programme — the 
over-arching name that’s been given toall 
ESA scientific space missions taking place 
between 2015 and 2025. Barring any problems 
or delays, JUICE will become one of the 
highest-profile missions in the Solar System 
when it launches in the early-2020s, so it’s 
certainly one to watch out for, @ 





WAS BE Adrian Wain 
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"In the case of human payloads, these 
were delivered via an airlock located 
at the front of the shuttle" 





The heaviest non-commercial payload ever launched - the 
k Chandra X-ray Observatory - weighed in at 22,753 kilograms 
9 . (50,161 pounds} on Space Shuttle mission STS-93 in 1999. 





































- “—_ -_ - 2 SL a eel 
Yr. ¥o," “— * ' 
| i P| i " 7% a gr | 
| | | \, — Y= | a | Ie ‘ 
me a he le ae ae = | 
et et 
| 4 L 7 4 1 j i 
| | = = fie es i 
a I ia | q i | P a Fa ry q 
= ij — _ i " | q P 
a Se 2 —_ | | 
| 
efor : 
if )SSUS | ie | TY LOT I 
r , =“, 1 
Ji Tie \ 
0. Cc }. 
at LAUT 3 
I ] nace, It had ar te Te ! 
Wali Pinten rpet—E yw-E 1 1 
ation uch as the Is OWOWINLE aT re Test ‘i 
solid-rocket bg il al Tue! 
se] ON Ano OCDIa! nSsercion 1 PETADONS COU Deen. In 
it human payloads, tl ts SO VIE an alrlock locates 
romt ofthe shutthe, but when thinanimate carco, tha 
daccessing the intemal ston cnown as the payload bar 







the 



















Tech and supplies were accessed 


zs iL 
Pree eee 
wo the ton of the sme Tat 
! EF DOD OF Te Spe a 


12 DAY Coors WeTe 





AIT n 
EALCY | 

D TY El | ] Letom 

nec han m calle Lala 
This arm ; MeETTES 5 One ar 
entimetres (15 in Se) in diameter, ha 

fz a OT tree Mm and was special hy | 

aT eo mM the DAY TO THEI MA! POST 

OT i T mm had been successtully del | 
VOU (NEN be Prepared for re-enir 


i ges vloiat Canister, is : | nadann being iol 
lifted inte the rotating service ist | . Sfereineve cargo from 
structure on Launch Pad 354 q ' a ine fils Within the Space Shuttle 





$-111 






a 
® 
“—— 





Mat ACL oi i! AOI TORK SOATL YC . iil —" Works | O69 
. ot 














“The density becomes so great that 
further fusion reactions release an 
Immense amount of energy” 


How huge stars go supernova 


Key events at the end ofa massive star's life that lead to a cataclysmic explosion 


— Allstars are giant balls of 
we gas trying to collapse 


== ouunder theirown gravity. 

Pressure caused by the collapse 
generates nuclear fusion —-the 
fusing together of hydrogen and 
helium nuclei -giving off enough 
energy to push outwards, so the 
star doesn't collapse further. 

When massive stars eight times 
the mass of our Sun run low on 
fuel, the inwards pull of gravity 
overcomes this outward force, 
causing the star to shrink. The 
density becomes 50 great that 
further fusion reactions release an 
immense amount of energy ina 
matter of seconds, generating the 
most explosive event in the 
UNIVETSe: A SUpeTnOova. 

A large proportion of the star's 
material is ejected outwards, 


While aninwards 


force of equal 
Magnitude causes the remaining 
matter to collapse into a neutron 
star orevena black hole, # 


1. Core collapse 

There 6. no longer enough fuel te 
puis itwards and coun 
inwards: pull «al 

core begins t 


Star cross-section 
rt . = 


and gencrati wH.a-0x plosacan. 


DISCOVERED 1846 GRAVITY 0.779m/ Ss? DIAMETER 2,{00km 


TEMPERATURE 38K visite 1989 


PERIOD 


ens: 5.87 days 
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backwards moon 





Why is Neptune’s biggest satellite, Triton, the only large moon in 
the Solar System to orbit its planet in the opposite direction? 


Moons usually orbil in the same 
direction as their parent planet is 





spinning. Triton’s unique orbit 
indicates it was not formed inthe same region 
as Neptune. Instead, itis believed that it was 
captured from the Kuiper Bell, an icy ring at the 
edges of the Solar System that contains 
thousands of bodies, including Pluto, 

For an object to be captured by a planet, il 
must lose enerpy, preventing it from escaping 
the gravitational field. This often occurs asa 
result ofa collision; however, in the case af 
Triton, this is thought to be unlikely. Instead, 
Triton may have originally had a companion, 
like Pluto’s moon Charon. As the pair came 
close to Neptune, their orbital energies were 
disrupted, being transferred to Tritan’s 


On the surface 


if itt were possible to visit Triton, 
this is what you might see... 






Nitrogen 
atmosphere 


Triton's atmosphere is 


companion and expelling it from the system, 
leaving Triton caught in Neptune's arbi. 

Triton is very similar in composition to Pluto; 
it has an icy surlace primarily composed of 
frozen nitrogen, water and carbon dioxide. itis 
the seventh-largest moon in the Solar System, 
and is more massive than all of the smaller 
moons combined. Triton’s surface shows 
evidence of having been melied, and icy 
volcanoes érupt fram the crust, spewing pas 
and dust about eight kilometres (five miles) up. 

Beneath the crust are a mantle of waterand a 
core of rock and metal. [tis possible that the 
heal generated by radioactive decay inthe 
rocky core is able to keep the mantle malten, 
producing a liquid ocean below the moon's 
ouler surface, similar to that on Europa. 


Neptune 

Triten orbits the gas 
planet Meptune along 
with 13 other satellites. 


Could you spend 
a day on Triton? 


Despite the fact that Triton has a solid, icy 
surface, it would presently be impossible for a 
human to step ante the moon. Surface gravity is 
1? times weaker than Earth's, and the average 
temperature is in the region of 38 degrees Kelvin 
(235 degrees Gelsius,391 degrees Fahrenheit). 

Equally problematic, Triton’s atmosphere is 
very thin, lt ls composed of nitragen gas, which 
ig thought to have evaporated fram the frozen 
nitrogen that covers the moon's surface, The 
atmosphere is sa thin that atmospheric pressure 
is just one-TOO0Oth what it som Earth, 





Cryovolcano composed of nitrogen 
Eruptions of nitrasgen gas moloaesed as. thas 

gas and dust partichas frozen surface melts. 
shoot out of the surface PVEPOFatGS. = 
of the moon 44 it & 
warned by the Sun. 












Communicating with space probes 
How do scientists keep in touch with deep-space probes like Pioneer 10 and 11? 


Communicating with something over 

11,2 billion kilometres {7 billion miles} 

away is no mean feat, and requires a 
worldwide network of hupe radio antennas, 


Slations in California, Spainand Australia form Eruption 


An eruption from Tritt 


the Deep Space Network (DSN) - strategically 
gpread oulto ensure there will always be one 
antenna that can point al any space probe, 


Antenna feed 
Radio waves were generated 
by Ghectric cunnents and 







can last for a year, amd 
leaves otreaks af dust 
en the surlace 







directed to the nest of the 


Likewise, space probes - ile Pioneer 1 and 
antenna SiRucbure, 


11 launched in the early-Seventies - need 


antennas to send pictures, weather data and Main antenna ‘ : ~ ‘ ee, . 
heading information as radio waves. However Pointed towards Earth and AY . A , Icy crust 
| c F i a = ei, i ‘l . 
power constraints mean thal space probes can d amplified radio aul ie Triton is encased in 
lvsend very weak sienals. which get weake ae frazen nitrogen, water 
Only Send Very Weak SIgNAIS, WHICN Bet WEAKeT the Deep Space Network. : Valley and carbon dioxide - 


Reflector 


the farther away they travel. Antennas on the t be Tritan is scared by much like lute. 





aaa = OP 

around have large dishes to capture the signal, A 2.im (8.3ft)-diameter 3 valleys and ridges, a“ 
' lificati dnai 1 r . dish directed and aniplified: z thawyht to be formed = 

FEL BPSGECE GD STC GUA TOTS PGCE Le the signal to a usable lewel. 5 as the surface E, 


needed to boost the sipnal toa readable level, freeres and thaws. 
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Neil Armstrong 


Discover how a boy witha fascination for aviation 
went on to be the first man to set foot on the Moon 


“Neil Armstrong earned 
his flight certificate 
by the age of 16 - 
before he had even 
learnt how to drive” 





> | 
A life’s ae 











HEROES OF... 





Armstrong’s interest in flying began at 

avery early age. His father took him to 

the Cleveland Air Races al the age of 
two, and he flew ina Ford ‘Tin Goose’ aircraft at 
the age ol six. As aschoolboy, he made model 
planes, collected books on aviation and even 
took odd jobs in order to fund flying lessons. He 
earned his flight certificate by the age of16 —- 
before he had even learnt how to drive, 

His interest in flight led him to pursue a 
degree in Aeronautical Engineering al Purdue 
University, IN. He studied under a scholarship, 
which stipulated three years of service inthe 
US Navy during his degree. Armstrong was 
called up in 1949, and underwent 18 months al 
flight training, and by his aoth birthday he was 
a qualified naval aviator. 

From 1991, Armstrong saw action in the 
Korean War, He flew 78 missions over Korea, 
earning several medals for naval service, He left 
the US Navy after the war and returned ta 
university to complete his degree, 

Alter his graduation in1955, Armstrong 
became a research lest pilot, during which time 
he flew more than 200 different types of 
aircraft. His extensive flight experience saw 
him selected far the ‘Man In Space Soonest’ 
(MISS) programme with the US Air Force, 

In1966 Armstrong served as command pilat 


for the Gemini & mission — which was the first 
mission during which two vehicles docked in 
space — and just lwo years later, he was selected 














Armstrong made 2 
east of his featprint 
for display at the 
‘ea. Marshall Space Flight 
Center in 207 


=a. 

















‘In their footsteps... 


Chris Hadfield 


Sally Ride 








as the commander for the game-changing 
Apollon mission heading lo the Moon. 

Having spent a year learning lo pilota 
modified version of the Lunar Module on Earth, 
heand two colleagues departed for the Moon 
on16 July 1969. The Lunar Module landed on the 
surface of the Moon on 2o July and, at1o.56pm 
EDT, Neil Armstrong became the first man to set 
foot onan extraterrestrial body, uttering the 
famous words, “That's one small step for man, 
one giant leap for mankind”. Buzz Aldrin 
followed him onto the surface 20 minutes later, 
and the pair then spent over lwo and a half 
hours conducting experiments and pathering 
samples, They also erected a plaque and 
planted a US flap to commemorate the mission. 


1962 


In March 2003, Chris Hadfield bacannie 
the first Canadian commander of the 
ISS. Hadfield describes watching the 
lunar landing in 169 as a “watershed 
manent” and adimired Armstrong for 
his “quiet accomplishment", There was 
noe space programme in Canada when 
Hadfield was a child, but Armstrang 
inépired him to pursue his dream. 


An inspiration herself, Sally Ride was 
the first US woman in space. In the 
early days of space travel, W454 
recruited mastly military pilots for their 
missions, but as missions became 
evermore advanced, the need to take 
scientists to space became apparent, 
Physicist Ride was recruited and flew 
two missions aboard Challenger. 


The big idea 


In 1965, Neil Arnmnatrang was commander of a 
three-man mission ta the Moon - Apalla 11. 


Sai 1 So aries Ue sary. 


On re-entering the Lunar Module, Armstrong 
discovered thal the ignition switch had been 
broken by their spacesuils, and had to restart 
the craft using a pen to push the circuit breaker. 
After splashing down inthe Pacilic Ocean, the 
crew were quarantined for 21 days to safeguard 
against any infection that might have been 
contracted in space, They then spent 45 days on 
a tour of the world to celebrate one of mankind’s 
Breatest-ever achievements, 

After the Apollo mission, Armstrong retired 
from spaceflight and took a teaching position al 
the Universily of Cincinnati, OH. He continued 
to work for NASA as well though, and assisted in 
the investigations following the Apollo 13 and 
Challenger disasters, @ 


Armstrong's famous words, “That's one small 
step for man, one giant leap for mankind”, were 
net planned until the Lunar Module hae 
touched down, In interviews he later stated that 
he thought the chances of a successful 
touchdown were so sniall that planning what to 





2012 





1969 Heil Anmatromgy dies 
due to complications 


A (he command 





work Neitn , 1949 / 1955 —-:1955 * 1956 rch 


A look at the key events inQhioonS August Armstrong is He graduates with a Armstrong Janet Elizabeth Shearon the astronaut pilot for the Gernini On 20 July, Neil follaaring heart surgery 
in this astronaut's life ta Stephen Koenig called into service during the degree in Aeronautical begins work as an and Weil Arnnstromg programme he 8 mission, Arnostroang Armstrong becomes His family request that 
that took him all the Armstrong and Korean War, and flies over 75 Engineering frarn experimental test pilot at marry, and go on ta moves ta Haustan, particigates in the first decking the first mantaever people ‘wink at the 





have threat children. walk om the floc. Moon’ im his baru. 





OMAGH 


way to the Moon Viola Louise Engel, combal missicws, Purciuw: University, Edwards Air Forot Base, TX, with hes Fannily. ol bc warhickes in space, 
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Thou shall 
not pass! 


The irniprescive, alrncat 
bulletproof armour of the 
Ankylosaurus was not magic but 
rather a series of interlocking 
bone plates called osteqderrnrs. 
These bone plates, which were 
locked into the skin, were bome 
overlaid with a tough layer of 
keratin. The plates were located 
over mast of the body, but were 
not unifanm in shape mor size, vith 
some resennbling flat diamonds - 
as Seen on crocmdiies and 
armacdilles today - and others 
appearing like circular nodubes. 


: Club members only 
| The well-known tail club of the Ankylosaurus 
was one of the most lethal weapons sporked by 


any dinosaur, The club was made from several 
A club-wielding brute ofa creature, this sed into th 
tough dino had the power to break bones 


fused brite the last few vertebrae of the anirnal's 

tail. Behind these vertebrae several others lined 

with thick, partially ossified tendons completed 
the club's handle, resulting in a structure that, 
when swung, was capable of dealing out a bot of 
damage. Indeed, a shudy in 2009 suggested that 

Ankylosaurus was one of the largest i are sania intel 

ankylosaurs, a genus of armoured 

dinosaurs that lived throughout North 

America between 75 and 65.5 million years ago. 

Famous for both its brutal tall-mounted club 

and its immense bone plate armour, the 


the tail clubs of fully grown ankylosaurs could 
Ankylosaurus was a defensive titan, capable of 








devouring vegetation whole with little 
shredding or chewing. Indeed, studies have 
Indicated that the skull and jaw of the 
Ankylosaurus were structurally tougher than 
many similar, contemporary dinosaurs. 

In fact, evidence suggests that Ankylosaurus 
= and anlylosaurs in general =- were adept 


easily crush and break bone with a force capable 
of caving in an assailant's skull, Whether or ret 
the animal purposely aired the cub to cause 
damage remains unclear at this point. 
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4s well as a weap, 
the tail might also 
have played a robe in 


fending off rivals many times its size. survivors. But despite their impressive armour, sexual selection The addition of these plates on 
Anlkeylosaurus’s focus on defence was born weaponry and sustainable diet, they could nat top of the Ankybosaurus’s head, 
along with a set of pyramidal 


out of its herbivorous nature, with its entire 
body peared towards the consumption of 
foliage. From its low-slung body, rows of 
leaf-shaped cropping teeth, short front legs, 
wide feet and cavernous stomach, the 
Ankyloasaurus was the consummate browser, 


cope with the Cretaceous-Tertiary extinction 
event that wiped out all terrestrial dinosaurs 
approximately 65.5 million years ago. Only a 
few fossils of this prehistoric herbivore have 
been excavated to date = most coming from the 
Hell Creek Formation in Montana, USA. @ 


honns to its rear and a row of 
triangular spikes mounted to each 
aide of the tail club meant that 
attacking this creature - even if 
YOU Were an apex predator like the 
T-rex = was not a good idea. 


Ankylosaurus was tough enough to 
90 Up against (he most fearsome — 
dinosaurs and come out on tap 



















Osteodenm soos een nn enn 
Ankylosaurus anatomy = %toderm 
Get to know the key biology of this tank-like dina Ankylosaurus sported a series of iciia Mas 
bony plates called osteaderns Ayala a ciakaeie 


embedded in the skin, 







also sported bony spines far 
evtra protection or - in the 
cas: of thoes mvuniiesd to thee 
side of the tail club - greater 




























ywoerbebrae ol the: taal, 


. a | a7 A iii aes Club ements 
Ps ee - , , The characteristic tail club f 
if i e at fe , of Ankylosaurus was made 
‘3° <4 SS i al. from numercus osteqderms, E 
iy £.. 3 a as = i ‘> each fused to the last few 
‘ ced, 4 = i 6 
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Neck eee ail 


The dingsaur's head sat al 
the end of a very short and 


Head imtglaneiaianE 
The Ankylosaupus's head 


was square, flat and 
Gresacher than if waes leery, 
The jaws featured curved 
rows Of @requlary edqed, 
leatshaped teeth for 


tearing vegelaticen, 


stocky neck. This helped 
suppart its bulky head and 
also ached a% a bracing 
mechanism when charging. 







Tail == ie a 8 
4 medium-sited tail = alsa 
armoured with Een 
plates - helped balance 


Ankylosaurus vs human 


How would this dino have sized up to a person? 


the weighty Ankylosaurus 
and provided the power to 
masa! , oe _ ss CaUSe Maximum damage 


henearsietan with its chab, 
i beast was contained — — # 
sedans SEGI SSSR SNS Ee ae Ee EE EE 5 : cole ieeg 
deals leg ! within its low-slung body. 
Powerfull aut shart leas Stomach Serer ere eta ere terete nr rrr ry | This was covered with 
supported the front hail of the The only part of the dinosaur armeured bone plating 
animal. The wide foot area of that was unarmourid, the and tapped wath spins, 
these forelegs granted qaad underbelly hung low to the 
traction and stability. ground. Predators would try 
to tip ankylosaurs over te 
acoess this weak point, 


10m 











’ Rear leg 
Equally powerful - if not 
mare so - but longer than 
the Ankylosaurus'’s forelegs, 
the rear legs reached up to 
abeyut 1.7m (5.61t) at the hip. 
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“Paper documents were vulnerable 
to moisture, but placed on film they 
became all but i impervious to it” 





WORKED 
HISTORY 


= “ae 
How did microfilm work? 
The small-scale media storage that served as the perfect medium for covert messages 


Microfilm was a physical storage e 
“— media - typically 16-millimetre a aan ; 


(0.6-inc hj or 35-millimmetre (14-inch) 
film -upon whichimages were reduced in size 
to a fraction of their former selves, This allowed 
documents, photographs and video footage to 
be shrunk, copied and stored for both secrecy 
and greater longevity. For example, historical 
paper documents were very vulnerable to 
moisture, but when imaged and placed on film 
they became all but impervious to it. 

Often batches of documents were placed on 
one large sheet of microfilm with areadable 
code on top referred to as.a microfiche - the 
code enabled the documents to be identified 
immediately. Viewing the stored image was 
achieved with a slide/film-based projection 
system (as pictured) that was similar to the 
overhead projectors we use today, 

While microfilm is still used in select 
applications, the invention of the computer and 
vittual media has largely lettit obsolete, with ms : -= ee 
documents, images and films now copied and = Ein: pig gon, 
backed up on discs or cloud storage. & ——_ 


Microfilm messages were |) 77 
carried across enemy lines. 

by pigedns in the France- 

Prussian War in the 187 Os 


= 









outers =r How pottery 
The potter shapes the ' hike pats are 
clay material on this : t moulded with the 
plate, which rotates at : i hands, a number of 
high speed while they : = small toals help the 
=o ==5 was made 

i and add decoration. 

4 


The potter's wheel turned the way 
we produce ceramics on its head 


The potter's wheel enabled us to easily create 

fc: round ceramic wares such as pots and gourds. The 
machine worked by supplying the potter witha 
rotating circular platiorm upon which, via hand moulding, 
clay could be shaped as desired. The rotation was provided 
bya large kick wheel, which once set in motion -the potter 
literally kicked il, hence the name - supplied energy loa 

i. amaller modelling wheel, which sal above ona metal shaft. 





ae Asthe kick wheel was much bigger than the modelling 
Wheel shaft «=~ wheel, itacted asa flywheel, storing rotational energy that 
Both wineels ane E : : ; 
connected through the Kick wheel --~-= SB eee Frame Could be used to power the modelling plate, which due to its 
centre of the wooden The potter kicks this wheel to —_ The wooden frame smaller circumference, span ala greater speed. 
frame Gy a meatal shaft, start it rotating, It acts asa Brovedes supmort for : ree ‘ 
ecient rhea pena Thanks to its ease of use, the potter's wheel remained the 


method of choice for making pottery for many millennia, 
eventually evolving to be driven by a motor, > 


8 Surface for the 
potter to wark on. 


forcing the connected modelling 
plate ta spin at high speed. 


O76 | How It Works WW HOWITWORKSOATLY.COM 





STRANGE 


BUT TRUE 


CASTLE IN THE SKY 


MTOR ouring wo 


rhirme Teles 
ADT aE peal 


Inside a Japanese castle 


, , ; 
a leer= teaerrecd ee 
ese Hulioers fs I CEL CO SITs iit] ui 


What Is Himeji Castle 
believed to resemble? 
SA bird £ A plane C Superman 





vestones for construction moteriot 


Answer: 

Caan bok: distincheee vhebe plaster walls. and the 
Pact thet thee shige of thee nigybens bs. teak ho 
rgenile albind taking fight, Hires Cate 2 abo 
often bona ine thi nares, Shirasagt jot White 
Heron Taste) or Hoke White bg ret Castle 





We find out how Himeji Castle -a17th-century fortification - has stood 
firm despite several centuries of conflict and natural disasters 


i Built ona hill 45 metres (1§0 feet) above 
sea level in southern-central Japan, 
Himeji Castle has survived 
innumerable feudal battles, sieges, 
earthquales and even a WWII bombing. While 
today it’s famed as Japan's largest castle, 
construction of the original site began in1333 
with the building ofasmall fort. The fort wasn't 
turned into a castle stronghold until nearly 290 
years later, towards the end of the civil war era. 
The addition of three moats and dozens of extra 
buildings — including three large towers and a 
hupe, six-storey main keep, or tenshu-saw the 
striking white complex become one of the 
prealest japanese castles ever built. 





Tour of Himeji Castle 


Explore this impressive Japanese castle to 
find out how it stayed safe under attack 


Main keep 

Located ina large “a 
courlyard (he main keep, or 
tenshu, is the highest tower 
in the complex, Due to its 
vulnerable wooden 

coups trictiion, i's covered 
with thick, fireproof plaster. 

eit, 2 


Rock chute 

hilary bese hav 
ishi-atoshi devices, oF 
rock chutes, protruding 
from the walle. From here 
the dehenoe can hurl 
rocks or bexiling Equids 
like ofl onto invaders. 





Loopholes 

Japan's casthes featured 
loopholes (like European 
arrow’ Slits) ol various shapes, 
including circles, squares and 
triangles, through which they 
couhd fire projectiles upon 
advancing enemies. 


Bailey 


WU BOT Dre STATE Och 















Encireling the main keep is usually 
a series of three baileys (extra 
arcas cf cafersive graund). The 
main, oF first, bailey directly 
encircles the tenshu, while the 
second bailey surrounds the first, 
and the third surrounds (he second, 


Asis typical of traditional Japanese 
architecture, Himeji Castle isan elevated 
wooden structure featuring ornate tiling and 
embellishment. As well as gales, walls and 
other protective fixtures, Himeji and many 
olher castles were equipped with a number of 
defensive devices to stall advancing foes, 

Before they could even think about breaching 
the defences, the enemy would first have to 
navigate a frustrating maze of sleep, snaking 
paths laid out around the castle walls. The 
physically demanding paths thal seemed ta 
lead directly to the main keep - but which often 
led instead toa dead-end - would disorientate 
and tire invaders, And evenif they made il 


Hip roof 


walls and then turn up slightly. 


Gable 


Plain interior 
While the imposing facade 
' Of a Japanese castle like 
| Hirneji may kook striking, 
© tthe interioes ane far more 
| modest. ees: are quite 


The two shorter opposing 

sides of the rectangle 

Slope too, but they aleo 
z feature a decorative 


gable (the triangular bit) 
Part of thie way up. 


Neribei wall 
_ Walls of shattered stone, tile and clay 
 brek were mortared and covered in 
hard plaster at Himeji For quick 
fortification whenever battle was 
imminent. These makeshift, earthen 
walls did not feature the same 
Iramoework of pillars as dobre vralls, 


beyand the perimeter, the hame team would 
then deploy an ingenious bevy of traps 
designed to outwit and injure the incoming 
appressors, including conduits dawn which 
they would pour boiling oil or water. 

Japan's best-preserved 17th-century castle, 
Himeji became a UNESCO World Herilage Site in 
1993, which is quite remarkable considering 
what the region has endured, from earthquakes 
toattacks by US B-29 bombers. Of course, since 
the demolishment of the original 1339 fort, the 
castle has been rebuilt and remodelled by 
various rulers and architects, but what's 
interesting is thal neither nature nor conflict 
has ever managed Lo get the better of Himeji. @ 


All reconstructed Japanese castles have an 
elegant style of roof called irimaya, which 
Teatures a hip-and-gable structure, Hinneji 
has a rectangular hip ro, whereby the 
longer two sides slope down toward the 


Dobei wall 
The white dotei walls 
were constructed by 
spacing pillars about 
145m (S10) apart and 
filling in between with a 
framework of wood and 
bambec. Mud and clay 
wen often mixasd wiih 2 
tough kind of Japanese 
grass called wara ta 
reinforce the walls. 











m=! Gates 


There are mary gates anny 









| the mate-like: courtyards and 


pathways of Himeji, but all 
\ have similar construction, 
_ consisting of two columns 
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Want answers? 


Send your questions to... 
£, How It Works magazine © (@HowltWorksmag 










howitworks‘@imagine-publishing.co.uk. 


Why we yarn is mot yet 
completely understood, but 
it could have evolved ta 
stretch facial muscles or as 
a means of communication 





_) 





Why do we 
yawn and is it | — 
contagious? 


Francesca 
§ Nobody is 100 per cent certain why humans 
yawn, but it definitely is contagious: in one ‘ 
experiment half of the people yawned while 
watching a video of others yawning. A common 
theory is that the influx of oxygen from a good 
Yawn revives us by petting rid of excess carbon 
dioxide in our blood - although some research 
| isnow refuting this idea. Instead, we may 
a) | Yawn simply to stretch our tongue and throat 
a muscles, as well as to communicate boredom 
or tiredness to our peers. Onerecentstudyeven | 
suggested that yawning may help to regulate 
brain temperature by exposing the roof of the al 


mouth ta cooler air =a bit like a heat sink. AC : "| 
LG Ett—w —_— 


Meet the experts... 





— Luis Villazon Giles Sparrow Rik Sargent Alexandra Michael 
Luis has a hegre Giles studied Rik is an outreach Cheung Simpson 
in zoology and ) Astronomy at LACL be officer at the With degrees from Michael has a 
another in real-time and Schenoe — Institute of Piysies the University of deachorate in mass 
Born putieg. He's Communication at in London, where Hottingham ard as well as teaching 





? awards [roer thie 
Alex has worked at many a University of Alberta. While neat 
mrestigious institution inchoding working a5 4 botanist ar 

CERN, Landon's Sclence Museum = eneironmental consultant, he 
and the Institute al Physics. writes for magazines and online, 


all al he works ona 
variety of projects aimed at 
bringing physics to the public. 
His favourite part of the pe is 
iat lhe calls “physics: busking’ 





boon writing abut 
science and technology since 
before the web. His sclence- 
fietion novel, A Jar OF Magee, 
published by Anarchy Boole. 


Imperial Cobbs, 
before embarking on a career in 
space writing. His latest book, 
published by Qegercus, is The 
Universe In 100 Key Discoveries, 


Imperial Cotkeoee, 
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Who invented the 
tea ceremony? 


Lizzie Stokes 

No one person is credited for inventing the 
Japanese tea ceremony but several historical 
Broups are thought to have contributed to its 
development. The ceremony has links with Zen 
Buddhism, which was founded in Japan near 
the end of the 12th century. Tea became part of 
Buddhist rituals and is still associated with 
tranquillity and harmony today. Tea also 
became popular with samurai warriors and 
nobles, who madeit the centre of a party game. 
They wete considered celebrities in their day so 
their appreciation of tea might have encouraged 
other people to adopt the drink, along with the 
rituals associated with it, MIS 


Can we tame tigers? 


Vivienne Jones 

Notin the way you might tame 4 dog or breal 
ina horse. Dogs and horses have been 
domesticated for millennia and selective 
breeding has gradually favoured the penes that 
make them more friendly. Tigers - evenraised 
from a cub - retain all their predatory instincts. 
In Thailand, ‘tame’ tigers live ina monastery, 
side by side with the monks and tourists, but it’s 
a precarious balance. Roy Horn of the 
entertainment double act Siegtried & Roy was 
critically injured in 2003 when the tiger he had 
performed with for six years bit him. LV 
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BRAIN DUMP 





You will spread the life's, 
werk of af least 20) Bees 
on a single slice of taast! 





How much honey 
does a bee make 
‘in its lifetime? 


Ben 

Less than 4 gram. Most worker bees only live for around 
six weeks in the summer and they can only go and forage for 
nectar on days when the air temperature is above ten 
degrees Celsius (50 degrees Fahrenheit). A group of about12 
bees in their lifetime will produce a teaspoon of honey 
between them. Bees use their honey as an energy source for 
the hive. Depending on the weather, a hive might use over 20 
kilograms (44 pounds) of honey over a single winter. LV 





How do you know if 
berries are poisonous? 


Ryan Mann 
n't really any disti 


ule is. not to eat the fruit of ary wild 


aafe, WS 
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What mechanisms support aeroplane 


make (homesehes heard... 


RF Hickman 
@ Wings can beheld upt 


concealed niceties aluminium or 

composite wing casinginclude ribs 

and stringers. The former run Pe 
parallel to the fuselage and are = 
attached at regularintervals along 

the wing. The latter run along the 

length of the wing and connect the 

ribs. Support is also provided by 

the spar, which runs parallel to The 

stringers, An aircraft's fuel is 

sometimes stored between the 

ribs and this too can lend more 





Alex Wells 
It’s the tiger pistol shrimp. The pistol shrimp has 
one supersized claw that can be cocked open. When 


Which is the loudest animal? 





decibels. The sound is used partly for communication, 
butits main purpose is asa weapon. The shockwave is 


‘fired’ the claw snaps shut with such speed thatajetof loud enough tostun fish and even shatter glass. 


water is fired out at 97 kilometres (60 miles) per hour. 


Because itis very high frequency, the shrimp’s click 


The low-pressure wake creates a cavitation bubble of doesn't reach very far. The loudest sound used purely 


steam that explodes outwards and then almost 
instantly collapses again. The collapsing bubble is 
What generates the sound, which can be up to 218 


What percentage of 
stars go supemova? 


Traci Watson 

We can't be specific, but it's without a 
doubl much less than one per cent. Stars that 
end their lives in supemova explosions must 
have at least eight tinves the mass of the Sun, 
&0 that they blow up inte a superglant star 
and then violently collapse, instead of gently 
shedding their outer layers and fizzling out 
like snnaller stars do. The reason we can't be 
Sure Of a percentage i partly because we 
don't fully understand how such massive 
stars form and develop through their lives 
(sometimes in ways that stop then becoming 
SUpermovas!, and partly because we've only a 
vague idea of the quantity of much fainter 
and bowermass stars that massively 
outnumber them in the universe. GS 
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for communication, meanwhile, is made by the blue 
whale, which sends 188-decibel whistles that can be 
heard S00 kilometres (500 miles) away! LV 


Why are raccoons 
invading cities 
more and more? 
James Cooper 

It's the sare reason humans move bo 
the cities: lite there is easier. Raccoons 
are omnivores and scavengers and they 
fined it riuch easier te grab digearded 
food in a dustbin than to catch it in the 
wild, There are also fewer predators in 
the city. Raccoons are mosthy nocturnal 
ard the only anirnals that would pose a 
serious threat - dogs - are generally 
tucked up indoors or chained in the 
garden at night. Raccoons are very 
intelligent, can wriggle inte thght spaces 
and have nimble front paves for undoing 
latches and opening containers. Toronto 
mow has SO tines more raccoons than 
the surrounding countryside, LY 
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rigiditytathe wings. MS 


Does electricity ever 
weigh anything? 


Samuel Mycroft 


The term electricity includes several 
different phenomena, but none of these have 
any weight. To weigh somethine (that is, to 
experience the Earth's gravitational pull, an 
object needs mass. An electric current is 
created when charged particles move - ep 
electrons ina copper wire. While these 
electrons havea linyamount of mass, they 
éxistin the wire whether or not acurrent is 
applied, so the wire’s mass doesn’t change, The 
electric force (which causes particles with the 
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same charge to 

repel each other, for 
instance) has no 
weiphtas forces dont 
have mass. The only 


electric phenomenon which 
might arguably weigh something 

is the buildup ofa static charge, when an object 
gains excess electrons. In this case, the extra 
electrons would add to the object's mags, but 
the weight difference would be nominal, Ac 





How fast Is it possible to go? 


Jason Garside 

The absolute speed limit of the 
universe is the speed at which 
light travels in the vacuum of space 
— 290,792 lcilometres (186,252 miles) 
per second, or ‘c’. Nothing can go 
faster than this as doing so would 
enable it to violate the basic laws of 
cause and effect. Einstein's special 
theory of relativity explains the 
effect this has on the laws of 
physics - eg if you had aspaceship 


that was powerful enough to travel 
close to c, you'd find accelerating 
those last few per cent got harder 
and harder, as the craft got heavier 
and heavier, No object with mass 
can ever reach citself-lightcan 
only travel so fast as itis massless. 
That said, light travels more slowly 
when it passes through materials 
such as water and glass, hence 
why it bends, or refracts. GS 


How much gold 
is in the d? 
Sarah Blain 

According to the annual weaorld 
gold survey by Thomson Reuters, 
the total amount of gold mined in 
the history of the world is 171,300 
tons - enough te fill a cube with 
20,7-metre (68-loot) sides, But 
opinions ditfer, mainky because 
experts can't agree on how much 
was mined by ancent cvilbations, 
and how much is hidden in the 
world's bank vaults. So rt might be 
a little less, or a lot more; the Gold 
Standard Institute eathnates there 
may be as much as 2.5 million tons 
hidden away out there! On bop of 
that, the US Geological Survey 
edthnates there ls about 52,000 
tons to still be profitably mined, 
with huge quantities locked deep 
within the Earth's interior. GS 
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4” Do metals fuse 
"ie together in space? 


David Perez 
In theory, yes = it’s an effect called ‘cold welding’ by which the 

metallic bonds that hold atoms together in each object effectively 

‘bridge the gap’ between them to create a single solid object. In 

practice, this rarely happens on Earth because most metals forma 

’ protective oxide layer where their surface is exposed to the 
atmosphere. Slight bumps and irregularities in metallic surfaces also 

h prevent this from happening. Even when metals are taken into space, 

the oxide layer remains - but, of course, if you deliberately polished it 

olf then, yes, the two metals would fuse together, and that’s 

something satellite and spacecraft designers need to bearin mind. GS 











Why Is beeswax 
perfect for 
candles? 


Nielisse Davidson 
=i d at roeom 


remains subpeeclin. Early careless 
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Why do Chinese drag 
resemble snakes? 





Jessica 

Mythical snake-like dragons masters of rainfall, waterfalls, 
date back to artefacts discovered riversand seas. This could partly 
in north-east China as early as explain the serpent-like form, asa 


sooo BCE, but itis not known why swimming mechanism similar to 
they resemble snakes. The earliest aneel, orperhapsthe wavy 
depictions of dragons were called snake-like shape, was a reason 
pig dragons-smalljadesculptures drapons became associated with 
featuringa pig's head withacoiled water. Traditionally, it's not only 


body. Early versions logked more snakes thal dragon depicters have 
like a foetus, with the longer borrowed from —- there are many 
serpentine body becoming olheranalomical resemblances 
popular later. In Chinese culture, found in Chinese dragons, 
dragons are synonymous with including stag horns, carp scales, 
Water and are said to be the tiger feet and eagle claws, RS 
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Nathan ioore 


The Spanish Steps, or Scalinata della Trinila money bequeathed posthumously by a French 
dei Monti, link Piazza di Spagna (Spanish diplomat, Etienne Gueffier. The pathway 
Square) with the French church Trinita dei formed by the steps between the church above 
Monti. The Spanish connection comes fromthe andthe square below was asymbol of improved 
presence inthe piazza ofthe Spanish Embassy co-operation between France and Spain. They 
to the Holy See (Vatican City), Construction of were originally named after Trinita dei Monti 
the stairway began ini723and took several bul thal was laler superseded. The Spanish 
years to complete, Il wasdesigned byanttalian Stepsare now one of the most popular-and 
architect, Francesco de Sanctis,and{undedby  crowded- tourist destinations in Rome,MS 


Why does cooking 
bacon smell so good? 


Lucy P 





Enuma FP 


OR stands for “oll korrect’, or ‘ole kurreck’, and comes from 


an abbreviation trend which was popularin Boston, MA, 
back in the 1630s. Other popular abbreviations at the time 
were NG, (‘no go"), GT [gone to Texas") and SP (‘small 


potatoes’). Many of the abbreviations were deliberately spelt 
incorrectly for humorous effect: forexample, a predecessor 


ofOK was supposedly OW (‘oll wright’). OK pained 
widespread use when supporters of the American 
Democratic political party stated that it stood for the 


nickname of presidential candidate Martin Van Buren, aka 


Old Kinderhook. “Vote for OK" became a snappy campaign 
slogan that popularised the use of OK across the USA. RS 


: Facebook i | 
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Bacon's mouth-watering smell comes from the 
meat's aming acids and sugars reacting to heat. 
Known 26 the Maillard reaction, the process 
reieases hundreds of compounds associated with 
desirable aromas and flavours, resulting ma 
complex assault on our senses. Our brains have 
evolved to recognise these amelk as good, 
presumably due to the survival advantage thet 
heating food had for our ancestors. The Maillard 
reaction also happens when you toast bread or 
reast coffee beans, although different compounds 
are given off, Some of the compounds have similar 
characteristics and are often described by food 
scientists as nutty, smoky and caramel-like. RS 


What does ‘OK’ actually stand for? 











Can porcupines | 
float on water? 


Porcupines are buoyant, thanks in part to the 
hollow structure of their quills. These sharp 
spines are solid at the base and tip but mostly 
hollow in the middle, with a light spongy 
material (the quill medulla) sealed off inside. 
This helps porcupines float, but although North 
American, crested and brush-tailed porcupines 
are keen swimmers, not all porcupine species 
are fond of water. Porcupine quills are even 
sometimes used by fishermen as floats. The 
main function of quills, though, is for defence. 
North American porcupines have up to 70,000 
quills each measuring around ten centimetres 
{four inches} long: ifa predator pets too close the 
barbed tips snag inte their skin. AC 


Fact fix on the go 


The latest issue of Iragine's new, digital-onhy science 
magazine, Brain Churn, is now available from Apple's 
Newsstand, Cyverthowing with the snappiest, most 
authoritative and just downright awesome explanations 
to Earth's nnost important scientific questions, the 
current issue is the mest informative and entertaining 
yet, answering a bucketload of anmnazing reader- 
submitted quenes, Questions like, can we clone extinct 
animals? Why do we sleepwalk? How do Venus flytraps 
werk? And why is electricity 
blue? All of these are . | 


answered along with many Metis ie | = 
F = i 
more. So te learn more about _ * ) 
| 


inom - Thin keieck: MASA PL -Calech; BSA 








Brain Dump and the amazing 
content on offer in this anc 
every issue, head aver to 
the Apple Mewsstand, pay 
a visit to the ragazine’s 7 
Facebook page atwww, = ll 

i Lor, } by 
alternatively, take a look 
on its Iwitter strearn 
BrainDumphlag now. 
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The HA-EBT5s come 
with a 13.5imm (0.5in) 
meodyinilin driver unit. 





= EXO Sensifit technology 
aids nunning posture ane 
Ped woes Muscle soreness. 











The Zip comes with a 
Wireless syrecing dongle 
that allows it to be linked 
to both computers and 
phones to transfer data. 













The Fusion Sport's , 
“a outer layer is made - 


i From ST per cent mylon, 


pet; 
vedr WY B® 4ipercent Tactel and [ee =, 
> me) twopercent spandex. Tie 






M2 cushioning 
y contributes ta the 
es 1260v3s' durable low 

=== profile and comfort, 


= qa 


c- Sa == 
. 


Up te eight users can store their 


profile information in the Aria 
for multi-runner households. 





Get running 


WWAUTSi co ots\(ou elm copecime)imeyemesl=parcdslmcele)i 


With the summer now drawing to a close, what better way to prepare yourself 
for the onslaught of the cold and overindulgent months than by getting in 
shape with a little running? While putting your body through the ringer is 
never easy, dedicated technology and clothes are makine it more convenient 


and more comfortable than ever before, as we discover here. 


Measuring BMI 


Fithit Aria Wi-Fi Smart Scale 


Wit! fithit.oonn 

if you're serous about getting in shape 
be prepared for a long journey. Vfeight 
loss and muscle tone don’t just happen 
over night. Luckihy, the Fithit Arla Wi-Fi 
Smart Scale makes this more bearable, 
measuring, stonng and tracking up to 
eight users’ body fat percentage, 
Weight and body ras lndex (BMD. 
This data can be wirelessly streamed 
via Wi-Fi to a PC, where included 
software converts it into a vaniety of 
graphs and charts, All together this is 
an excellent motivational fitness tol, 
Verdict: 


Sweat proof 
We H4-EBRTS headphones. 


WAY Yi TO MLO 

Running headphones need two things: a 
secure fit and water resistance This is 
because there's nothing more annoying 
than having earphones constantly 
jiggling free and falling out when you're 
tring te run, of packing up the first 
tire it rains or they get sweaty. The 
great-value-for-maney JVC HA-EBTSs 
deal with these criteria well thanks to 
special ear clips and molsture-resistarit 
earbuds, while a needymium driver wnit 
delivers surprisingly decent audio to 
boot, with a good level of bass. 
Verdict: 
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Activity tracking 


Fithit ip 


www Fithit.corn 

There's a bounty of activity trackers on 
the market today, ranging from £20 
Fight through te £200 oF even mare. 
The Fithit Zip cores in rlghit at the 
avecel spot for this category of devices, 
offering a small and stylish activity 
tracker for a penny shy of £50. Capable 
of recording & runner's steps, distance 
and calories speml, the Zip is versatile, 
while its ability to wirelessly syne with 
a computer or smartphone makes 
keeping track of progress mare 
Straightforward than ever 

Verdict: 


Dual-layer socks 


1,000 Mile Fusion sport sacks 


wav. JO0Omile.co.uk 

Often overlooked when it comes ta 
running kit, the average sock is actually 
not well suited to the discipline and, as 
a result, they can often cause blisters 
and red-raw skim The 1,000 Mile Fusian 
sport socks ga along way to rectify this 
predicament, witha two-layer 
construction, padded Achilles’ tendon 
support structure and moisture- 
repellent Tactel inner material keeping 
your leet in prime conditian during 
exercise, OF course, at £12 a pam, this 
luxury comes ata premium. 

Verdict: 











Interactive scales 
Activity tracker 
Ruining shoes 


Headphones 
Sport socks 
Running T-shirt 


Lightweight foam 


New Balance 1260v3 shoes 


An newbalance® corn 

When running, your feet are the most 
active part of your body so a good pair 
of running shoes is vital. A brand-new 
entrant te Mew Balance’s catalogue of 
fitness-focused sport shoes, the 
126Ovis are an excellent example, 
offering superb support amd cushioning. 
in addition, the tralners' Acteva Lite 
foam is 24 per cent lighter than other 
foams and provides enhanced 
resistance to compression under 
iInpact, granting better spring and 
comfort over bang distances, 

Verdict: 


Muscle support 


Salaman EXO 5-Lab Zip T-shirt 


WwW, Salomon .com: 

The EXO 5-Lab Zip tee is not only very 
eorhy te wear thanks te its flatheck 
scams, bul also loaded with srnart tech, 
Farsthy the EXO has been designed to 
improve upper body posture, with areas 
of compression and suppart improving 
oxygen intake while running. Secondly, 
the inclusion of Salomen's Actilite ll 
Stretch Mesh means that any sweat is 
repelled Fairky quickly. Lastly, by using 
different materials, such as pobyester 
and spandex, each area of the T-shirt is 
designed for optinium movement. 
Verdict: 
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| The Nexus 10 comes with the Nexus 10 
| highest-resolution display Price: £319) 3399 
currently availabh: ona tablet: a Get it from: ww .coodle.com,/mexus 10 
| 6 2.560% 1600px Super PLS panel, The bigger brother to both the first- and secand- 
The fact that the nuonstrous generation Nexus 7s, the Nexus 10 is a powerhouse of 
| resolution is crammed inte just a tablet. Armed with a monstrous 2.560 « 1,600 pixel 
| | 28.4 centimetres (hen imechess) of sereen - that sort of resolution is typically the reserve 
z= screen means that everything of 76-centimetre (20-inch) computer maniters, a 
o = — 1 appears incredibly share. L.f-qigahertz, dualecore AIS CPU, two gigabytes of Talk 
We get hands-on with three of the top tablets on the DIDR3 RAM and a lithium polymer 9,000mAh battery, ) 
* + the 25.4-centimetre fben-linch) Nexus is the rast 
market to see which one delivers the best results 


powerlul Android tablet on the market, 


none +; lll Oe I With the 10's larger proportions, compared with the 
' the Nexus 10, takes the crown for mini and the Mexus 7, there comes an additional tier of 
Nexus vi (second gen) the highest overall resolution direct competitors - most obvious beling the iPad 4. 
Price: £199,99/5229 screen, the Nexus 7's panel However, aside from overall build quality - which the 


A F : iPad 4 wins due to its high level of metal and glass as 
oe eee opposed to the Nexus's polycarbonate = it is niuch the 
ay ' qaime story as with the Nexus 7 and the iPad mini. The 
Gilerentate ave 300 pees per 10's tech destroys that ofthe iPad ~and does s0 
: = : good deal cheaper = pole’s slic and app 
 Soue inpe, Mae I Functionality pip that of the Android offering. 
Whether or not the Mescus 10 or Nessus T ls the 
better device depends on what type of user you are. 
The size and power of the 10 is immense and if you 
consume large quantities of high-definition media 
then the 1080p sereen and long battery life make It 
ideal, However, if you're a more casual all-round tablet 
user who needs it for web browsing on the go etc then 
the lighter Nexus 7 series makes more sense. 
Verdict: oo 


Get It from: yeeny.google.com,nexus/? 

Okay, let's be upfront about this ome, The second-gen 
Mexus 7 is an excellent tablet and it's easy to see why 
many are insisting it's currently the best in the world. 
It's slick, powerful and without doubt definitive proof 
that the 17.8-centimetre (seven:inch) form factor 
works, offering a lightweight slate upon which media, 
games and online services all shire. 

This is largely due to its impressive technical 
specifications. Packing a Snapdragon $4 Pro Krait 300 
1.51-gigahertz CPU, Adremo 320 4000-megahertz GPU, 
tro gigabytes of DDRSL RAM and an IPS LOD 
capacitive touchscreen with a resolution of 1,920 x 
1200 pimets (323 pixels per inch), the Nexus takes 
almost every other tablet to the cleaners in terms of 
performance. Indeed, the only other tab that comes 
close is its bigger brother, the Nexus 10, 

This technical prowess translates into excellent 
usability, with the Android 4.3 Jelly Bean operating 
aysten running incredibly smooth and apps lauiechir 
all bul instantaneously. ts low weight of just 200 
grams (10,2 ounces), along with tts even thinner 
profile compared to last year's model = 8.7 millimetres 
(03 inches) thick, make holding it with ene hand a 
breeze, This really is the king of today's tablets. 
Verdict: 


_ density, cramming in aimighty 


clearest display ever rrcecke., 





iPad mini 
Price: £2659/3325 
Get it from: store. apole.com 
We're huge fans of the 17.8-centimetre (seven-inch)- 
sized tablet and so we are quite happy declaring the 
20-centioetre (7.9-inch) iPad mini the best that Apple 
fra ever made. It is thin, supersleek and simple ta 
use, with Apple's walled garden of an ecosystem 
Familiar and wellestructured a5 ever. However, im light 
of some recent releases from Apple's main rival, 
Google, the (Pad rink doesn't care out of this 
head-to-head as unscathed as you might expect. 

Technécally the mini loses out to the similar Nexus T 
on ewery Front, with its one-gigahertz, dual-oore A9 
CPU, PowerVR GPU, S12-megabyte RAM and 1,024 % 
768 piel screen all trumped. In fact, the screen may 
be the most disappointing aspect of the iPad mini, 
with the modest 163-pixel-per-inch fidelity almost 
doubled by the Nexus 7. At least the battery life is 
good, with a solid ten hours on offer, 

As ever though, in terms of operating system and 
applications, this pint-sized iPad gumches hard. The 
curated es perences of the App Store and (Tunes 
remain Superb, while (OS 6 - currently updated to 
6.13 = makes navigating apps, emails, menus and 





much more both intuitive and enjoyable. This user The Ape Store is by far the iPad'’s best selling point, z 
Bs perbence if somewhat checked by the price thaugh, ' . wath more than 375,000 applications screened and | 
with the Wi-Fi-only. 16-gigabyte model costing ETO —— tested by the company. Compared with Google Play, a 
($100) more than Google's Nexus 7. | which despite improvement of late is still a bat hit E 
Verdict: oo and misé, Apole’s app repository 6s & curated haven. H 
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Get in touch 


Want to see your ideas on this page? Send them to... 
How It Works magazine Oo m@HowltWorksmag 





QUICK QUIZ 


Test your well-fed mind with ten questions 
based on this month’s content and wina 


HOW TO... 


Skills for surviving the madern world #7 


a irie- 


Hit a Solin lrantel 





With this quick guide to golf, you'll soon get into the swing of taking a shot... 


- Read the environment 

-- a Before picking up aclub you 
z igneed to gauge the shot. Wind, for 

{. example, can have a major bearing 
on where you should aim and your 
intended target's elevation will 
dictate which club you use. For 
instance, if the preen is uphill 
from your position then you'll 
need to select a stronger distanced 
club (say, a four-iron rather thana 
six-lron}. Equally if the wind is 
blowing left to right, you will have 
to aim farther left to compensate. 





The right stance 

Start by placing your feet 
shoulder width apart and parallel 
to the target's line (the direction to 
the green}. While the back foot 
should remain oo degrees to the 
target, the front foot should be 
flared out towards it by about 20 
degrees; this will help to rotate 
your body during the foreswing. 
For ball positioning, the stronger 
the club you are using, the farther 
forward the ball needs to sit in the 
gap between your feet. 











Foreswing 

Keeping your eyes firmly on 
the ball, bring the club down ina 
smooth arc, shifting your body 
towards the target and allowing 
your right shoulder to bring your 
right elbow through at hip height, 
Try to ensure that as much 
rotation as possible occurs inthe 
hips and notin the upper body, as 
this will make hitting the ballina 
straight line easier. After contact, 
continue to bring the club through 
on its arc and allow your body to 
naturally rotate into a balanced 
finishing posture. 


Disclsinwen: Nether |magine Publshing nar its 
eniploee: can accent lishiity for any adverse effects 
penenoed when carrying out these projects. Anas 
take care when handling potentially hararcous 
equipment on when working with electronics and 
follow the manufacturers instructions. 


Get a grip 

You won't hit anything with 
much success unless you know 
how to hold a golf club. There are 
different erips, eg overlapping, 
interlocking and baseball types. 
For the most common grip 
joverlapping) take hold of the shaft 
with pour left hand, place the little 
finger of your right hand between 
the middle and forefingers of the 
left, and then close both around 
the club ensuring that your 
thumbs are aligned downwards. 


Backswing 

Before hacking at the ball, 
take some time to position the 
club at the top of your swing. To do 
this, draw your club back slowly, 
brushing the face along the grass 
foras long as possible. Once the 
club leaves the ground maintaina 
smooth arc until the club is 
positioned above your head and 
polnting forwards along the target 
path. Do not overextend as this 
will likely lead you to cut across 
the ball’s face and mishit it. 


In summary... 

Key to hitting a hole-in-one - or 
any hali-decent aolf shot —is 
remaining in control atall times. 
By breaking any shot down intoa 
series of stages, this can be 
achieved with greater consistency. 
In general, by positioning yourself 
correctly, swinging the club slowly 
and keeping your eyes onthe ball 
until after it is struck, anyone can 
become a golf proinno time. 


ISSUF 


- Make pancakes 
- Scuba dive 
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Plaster a hole 
In your wall 


Learn how to fill in the gaps in your walls 
with a three-step plastering walkthrough 


Prepare the wall 

First things first, you must 
prepare the crack or hole; fail to do 
this and it’s likely that the plaster 
will not bond securely with the 
wall. Remove any loose debris in 
or around the area that needs 
attention and then sand down any 
sharp edges. The first job is best 
tackled with a paintbrush, as this 
enables you to brush away debris 
easily, even if itis deep in the wall. 
The second task, meanwhile, calls 
for a small piece of sandpaper. 


Fill the gap 

Once the crack or hole is 
smooth and clear, it’s time to fill 
the recess with fresh plaster filler. 
This is best done by generously 
applying the filler along the line of 
the crack/hole, ensuring that the 
material fills the cavity as deep as 
possible. Don't worry about the 
filler looking particularly neat at 
this stage. To remove any excess, 
take a trowel and, keeping it 
perpendicular to the wall, scrape 
away in one smooth action. 


Smooth things over 

The holefcrack should now be 
filled but the finish may look 
uneven or dipped - this is normal 
so don’t panic! Using your trowel 
remove any bumps in the plaster 
and apply a second layer, using 
your trowel to smoothly smear the 
filler over the area before once 


check the second layer for any 
impertections and, if flush with 
the surrounding wall, leave to dry 
before painting/wallpapering. 


In summary... 

Before plastering ensure the area is properly prepared to help get a 
smooth surface that won't crumble off. You can make your life much 
easier by using the right tools -such as paintbrushes, sandpaper and a 
trowel. Be patient too -expect there to be at least two applications. 
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more removing any excess. Finally, 








model of a Type 45 destroyer from Airfix! 


HMS Daring 


Type 45 Destroyer 





Answer the questions below and then enter 
online at www.howitworksdaily.com 


1 How many pixels perinch G How much will the ESAs 
does the screen on the JUICE mission to Jupiter 
second-gen Nexus 7 haver cost in US dollars? 


? How many missions did the f How many times wealer 


bias Shuttles complete is the gravity on Triton 
before they were retired? compared with Earth? 
3 Roughly how long wasa Brocnezt battery does the 
» fully grown Ankylosaurus Kperia 2 Ultra waterproof 
dinosaurin metres? smartphone have? 




















On what date was the Mona 9 How many quills does the 
Lisa painting stolen from North American porcupine 
the Louvre in Paris? have on average? 


Gy What's the displacement of 10 od ent g sin 
ome COMprise Now 
many steps? 


the British Type 45- -class 
destroyer in toms: 





ISSUE 50 ANSWERS 
1. 250mn years 2. New Zealand 3. 98% 4. 1893 5. 40 
6. John Roebling 7. 80km 8. 1858 9. 6,400km 10, 1959 
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WIN YOUR VERY 
OWN STARTER 
TELESCOPE! 

The writer of meat issue's ‘star’ lether will 
win themselves. 4 Visionary FirstView 


Starter Telescope, Visit waar, 
howitweorksdaihecom for chelalts. 


No such thing 
as coincidence? 


| just received issue 29 of your 
magazine in the mail and lam amazed, Af 
schod we are studying megacities._ And 
lo and behold, you have an article about 
MeQgaCtles In your Magazine, In soe 
we are looking at mould, You have an 
article about snould in your magazine. ln 
the holidays we visited Surfers Paradise 
[in Queensland, Australia). You had ar 
article in the How Te... section about 
surfing. In the holidays we also went to 
Dreariwedd [thene park in Queensland]. 
There was aride that av dad said usec 
centrifugal force, I didn't understand it 
when he tied te explain, but thanks to the 
Brain Dump, | now know what centrifugal 
farce is, Keen ua the great work! 
Maney egies 
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Get in touch 


Want to see your letters on this page? Send therm to... 


tf) How It Works magazine 


© (@HowltWorksmag 


KMS Amibush, an Astute: 
clase submarioe, is currently 
taking part in sia triak 


Le nieeattiale 


on a 
er ee 


A Noble cause 


Dear HIW, 


Huge resoect for Richard Noble and the work he does in 
Bushing the boundaries of engineering. However, in sue 


Russ Rushton 


0 of How it Works Richard was interviewed a5 saying 


“the British havent really dene anything astanishing in 
engineering berms since Concorde’, bul this is mot true, Here 
in Barow:ineFuress at the shipyard ovned and operated 
by BAE Syetenns we have designed and are building the 
meat complicated machines iin the worked: Astute-class 
submarines. Infact, it has been stated by our US cousins 
that this engineering feat has resulted im machines more 
complicated than NASA's Space Shuttle. Surely there 
cannot be a better exarnale of the huge engineering skill 


You honestly wouldn't believe the 
number of betters we get like this, 
Maggie. It's genuinely bizarre how 
often such coincidences happen. 
Maybe we're just tuned in to what 
our readers want to kmow... 


Three cheers 
for musketeers! 


bay entire facnily enjoys reading your 
magazine and it has been a partkoular 
pleasure to watch ony son = now Ll = dive 
for it a6 it lands on the mat each meanth. in 
this month's edition [49] theres a oiece on 
musketeers. In the “Sweard’ annotation on 
the diagram, it says that musketeers ‘were 
trained to fight both on horseback like 
drageans and on feet like infantry’ Felis 
whe fie fo pent oul that drageans rade 


to battle and then fought as infantrymen. 
Mearuvhile, night or wrong (Wikipedia 
Suggests the teray’s meaning changed 
over time), | would sinmoly like to thank 
Hon It Works for engaging his interest 
to such a degree. 

Jamie Hussey 


Thanks for your lether, Jamie Gand 
Felix) = and you are both absolutely 
right. Initially, dragoons would ride 
inte batth: and dismount before they 
started fighting. However, they did 
eventually adopt cavalry tactics and 
were able to fight fram harseback as 
well, 0 the definition of dragoon cid 
evolve over the years. We're glad that 
your family enjoys the magazine, and 
We are all super-impressed by Felix's 
keen cye for cetail! 


existing in this country than these magnificent vessels. 


There's no denying a great many significant feats of 
engineering excellence were born fram the minds and 
hands of Britons = and we've no doubt Richard Noble 
appreciates this too. Many of the letters we receive each 
month are from youngsters keen to share their 
fascination and thoughts on the subject of enginecring 
so long may people like Noble inspire new generations. 
We enjoy hearing of the UK's pride in its achievements 
and so we'd like to award you Letter of the Month. 


Diabetes to 
get the HIW 
treatment 


(Can | start by saying that lama 
subscriber and | absobutehy wait without 
natence far the met copy of How lt 
Works to land through my letterbox 

lwas wondering iF you could doa small 
feature for one? | arm a diabetic and every 
day | have te test any blood on runnerous 
ecoasions, Tau prick your finger with the 
lance then put the drop of blood omte the 
test strip. You then insert the test strip 
inte 4 sal blood meter that gives an 
almost-instant readout revealing your 
blood glucose levels, 

How do these sirins work? How does 
the bleod reader analse the anal sarnple 
of blood $6 quickly? Thank you for the 
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> Thecaremes Abe Denon ited Tie bes bce be 


“T can occasionally surprise my 
five grandchildren with little 
bits of technical knowledge 


great learning teal that your magazine has 
Become forme. it certainky keeps the old 
grey matter working. 

Joe 


We've had afew queries about this. 
You'll read it here next issue, Joe, 


Eagle-eyed 
reader 


lam 66 years old now - last week, in 

fact - and | have te say ve always led 
expanded drawings of objects, cars, Sips 
and planes, since | took the Eagle comic 
in the early-Sinties. However, thanks to 
OUP rhagarine® | an oot Shoarially SLr pre 
one or all of my five grandchildren with 
litthe bits. of technical kKnowdedge | manage 
te glean from your pages. In fact, Tonos 
and Adar are both 14 and have started to 
exhibit some of the arrogance of youth so 

can sometinves throw them a question 
they can't bluff their way through. Keep 
up the good wark, 


PT Proud 


Thanks for your email, Publications 
like the Eagle inspired us so it's great 
to hear that reading this is evocative 


= 
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of those rich books. It ahvays makes 
us proud to hear about the various 
benefits our readers get from reading 
and sharing the information we 
provide, so thanks. 


A handy article 


[receive your magazine manthhy and 
read it cover to cover. | realhy enjoy it and 
it 16 30 informative, This past Mother's 
Day | had a horrible accident to my left 
hand with a leg surgery ta repair it. 
Unfortunately | new hae nurnibress te 
thao of my fingers and the side of the 
hand which hopefully will be normal again 
within a year. dy question is, was an issue 
of How it Works ever published with ar 
article looking at the hands? If $01 would 
like to obtain a copy. 

Charlene Palmer 


We're sorry to hear about your hand, 
Charlene, and hope you're recovering 
well. We did a two-page feature on 
the anatomy of the hand back in issue 
14, which unfortunately is out of 
steck at our eShop. However you can 
still download the digital edition toa 
smartphone or tablet = just head to 
www.oreatdicitalmags.com. 
\ 





What's Jpopenine on... 
Twitter? 


Wie love to hear fram How lt 
Works’ dedicated followers. 
Here we pick a few tweets that 
caught our eye this month. 
¥ yl 
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To learn more about diabetic 


ghuoose test kits, be sure to 


a 


check out the next issue! 
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Hf you're looting for a dual-purpose telescope appropnate for 
_ Goth terrestrial and celestial viewing, then the AstroMaster Series is for you. 
Each AstroMaster model is capable of giving correct views of land and sky. 


The AstroMaster Series produce bright, clear images of the moon and planets. 
Even the moons of Jupiter and the rings of Saturn can be easily seen with 
avery one of these fine instruments. For vews of the brighter daao space 
objects like galaxies and nebulae, we recommend the larger apertune and light 
gathering ability of the Newtonian nefiectors. ang 
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NEXT ISSUE 


Issue 52 on Sale 10 Octob é 
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and discover what all the trillions of cells inside us do 
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THE 
(7 GREAT 
COURSES’ 


Why do racing cars /OURSES 
‘dri t ot corners? 


How do algae produce 
so much oxygen? 


Whatare dental 
fillings made of? 





10amazing space 


mysteries explained LD i scover th e 


Secrets of Mental Math 


One key to expanding your maths potential—whether youre a 
corporate executive or a high-school student—lies in the power to 
perform mental maths calculations. Solving basic maths problems 


How do we classify all r esi ‘ i 
the world's anima s? ith your head otters lifelong benefits including al competitive edge at 


work, a more active and sharper mind, and improved performance on 
standardised tests. 


LEARN In the 12 rewarding lectures of The Secrets of Mental Math, discover 
ABOUT all the essential skills, tips, and tricks for Improving and enhancing 
© ELECTRIC MOTORS your ability to solve a range of basic math problems right in your 
™ BLOCKED NOSES head. Professor Arthur T. Benjamin, winner of numerous awards from 
© MICHAEL FARADAY the Mathematical Association of America, has designed this engaging 
a PYGMY MONKEYS course to be accessible to anyone looking to tap into his or her hidden 
= CUPOLA CAPSULE mental calculating skills. 
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The Secrets of 
Woe Velee 


Taught by Professor Arthur T. Benjamin 
HARVEY MUDD COLLEGE 


LECTURE TITLES 


Maths in Your Head! 
Mental Addition and Subtraction 
Go Forth and Multiply 
Divide and Conquer 

The Art of Guesstimation 
Mental Maths and Paper 
Intermediate Multiplication 
The Speed of Vedic Division 
. Memorising Numbers 

10. Calendar Calculating 

11. Advanced Multiplication 
12. Masters of Mental Maths 
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The Secrets of Mental Math 
Course no, 1406 | 12 lectures (20 minutes/lecture) 





SAVE £18 


DVD £29:959 NOW £11.99 


+£2.99 Postage and Packing 
Priority Code: 86203 


Designed to meet the demand for lifelong learning, 
The Great Courses is a highly popular series of 
audio and video lectures led by top professors 

and experts. Each of our more than 450 courses 

is an intellectually engaging expenence that will 
change how you think about the world. Since 
1990, over 14 million courses have been sald, 


The Great Courses”, Unit 4, ele VEreign Business Park 
Brenda Read. Hartlegeal, 7525 (NN, Terms and cenditians 
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It's the journey. 











Your journey starts here. 

732014 delivers everything you love about trains with 
the exhilaration of speed, stunning graphics, a variety 

of trains, real-world routes and challenging assignments. 
Whether you love driving trains, creating new routes 
or just watching the landscape drive by, your journey 
starts with TS2014. 


#WeAreRailFans §www.train-simulator.com 
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